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Here is a new catalog . . . which de- 
scribes in complete detail the various 
TAG CELECTRAY Pyrometers and Re- 
sistance Thermometers for Indicating, 
Recording and Controlling. 

In the early 1930's the CELECTRAY 
Instrument, with its mirror galvanometer 
and photoelectric detection, represented 
the first application of electronics to 
a compact Industrial Pyrometer. 

With the passing of the years, many 
new instruments were offered, includ- 
ing a six-point controller in which all 
six points are checked within a twelve- 
second period and a pneumatic con- = Pre 
troller with no motor or other con- eo Ee ’ eep « 
tinuously moving parts. ' ji ey 

These and all the other types and ern 
models of TAG CELECTRAY Pyrom- yee BBE TR: 
eters are listed and described in this é et ate. 1 


new 40 page catalog. WRITE FOR ‘ ye oo fBompas 
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Park & Nostrand Ave’s., Brooklyn 5, N. Y. 
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IF 


OW AZIMUTH INDICATIONS STABLE AS A GYRO 


~ fie NEW GYRO FLUX GATE COMPASS 


.. provides steady, extremely accurate indications even during 


eep dives, fast turns,in rough weather, and near the earth’s poles 


HE TRANSMITTER contains the Flux 
ate. This sensitive earth inductor 
ompass element is mounted in 
he wing where electromag- 
hectic disturbances are at a 
minimum, and is held horizon- 
al—even when the airplane pitches 
nd banks—pby an electrically driven 
yro. Deviation is small and a spe- 
ial type compensator is used to 
beutralize this error, resulting in in- 
lications of magnetic heading that 
re practically perfect. Variation may 


PIONEER INSTRUMENTS 


be introduced into the system; then 
the dials show true heading. INDICA- 
TIONS are derived 





1 TRANSMITTER 


2 AMPLIFIER 


4 GYRO ERECTING UNIT 


5 MASTER INDICATOR 





of the master indicator. The associ- 
ated Magnesyn* system is simultane- 
s. ously set in operation, caus- 











from signal voltages 
initiated by the Flux | 


ing the repeaters to duplicate 
the master compass reading. 


pe 





Gate, a triangular- 
shaped element whose three legs cut 
the earth’s field at different angles, 
producing three different signals. This 
triad of signals varies with changes 
in heading. The tiny voltages are 
electronically amplified, and con- 
verted intotorque, rotating the pointer 


@TRADE MARK OF BENDIX AVIATION CORPORATION 


The Pioneer* Gyro Flux Gate Com- 
pass System is an important member 
of ‘The Invisible Crew’’ of precision 
equipment which more than 30 Ben- 
dix plants are speeding to world bat- 
tle fronts. Eclipse-Pioneer Division, 
Teterboro, New Jersey. 
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COVER: Control board of airplane engine test stand at 
Lynn (Mass.) G-E Works. See page 19 


EDITORIAL: “MUTUAL BENEFITS”... 
By A.S.M.E. Editor George A. Stetson 


WHY ENGINEERS JOIN SOCTETIES 20 cecccssseee 
(Adapted from an A.S.M.E. pamphlet) 


MESSAGE FROM LIL@R. DIVISION CHAIRMAN 
By Everett S. Lee 


WHO'S WHO IN THE LIL&R. DIVISION... 
By C. S. Peters, Secretary 


THE 1943 MEETING’S INSTRUMENT SESSIONS 
By Ed S. Smith 


Selection of Technical Papers on Measurement and 
Control Presented at 63rd Annual A.S.M.E. Meeting, 
New York, Nov. 28-Dec. 4, 1943 
(Alphabetical Order by Divisions and Authors) 


APPLIED MECHANICS DIVISION 
(Jointly with Society for Experimental Stress Analysis) 
THE APPLICATION OF LABORATORY TEST DATA 


TO NEW DESIGN... pitt 28 
By R. G. Anderson ~ Abstract 


STATIC TESTING OF AIRCRAFT STRUCTURES 
AND ITS RELATION TO STRESS ANALYSIS... 
By W. H. Bonell Abstract 


APPLICATIONS OF BRITTLE-LACQUER METHOD 
IN STRESS ANALYSIS OF MACHINE PARTS... 
By M. Hetényi and W. E. Young Abstract 


SOME ASPECTS OF OBSERVING THE PERFORM- 





ANCE OF LARGE MACHINERY UNDER OPER- 
ATING CONDITIONS . oa Bt 
By J. H. Meier 


TECHNIQUES FOR STRESS MEASUREMENT BY 
X-RAY DIFFRACTION 
By J. T. Norton and D. Rosenthal _ 


THE BONDED WIRE GAGE TORQUE METER 


~ Abstract 








Abstract 


By A. C. Ruge Abstract 


SOME PHASES OF -‘STRUCTURAL RESEARCH AT 
GOODYEAR AIRCRAFT CORPORATION... = 58 
By E. L. Shaw Abstract 


THE DYADIC GAGE... 48 
By S. B. Williams Abstract 


APPLIED MECHANICS and POWER DIVISIONS 
RELATIONS BETWEEN THE NOTCHED-BEAM IM- 
PACT TEST AND THE STATIC TENSION TEST.. 50 
By C. W. MacGregor and Extended Abstract 
J. C. Fisher 





AVIATION DIVISION 


GAS TURBINES AND TURBOSUPERCHARGERS...... 56 
By Sanford A. Moss Abstract 


HIGH-ALTITUDE HOT-GAS STANDARDS FOR TEST- 
ING TURBOSUPERCHARGERS AND ENGINES... 19 
By E. E. Stoeckly Nearly In Full 


AVIATION and HEAT TRANSFER DIVISIONS 


THE “TEMP-TURB” SYSTEM OF AUTOMATIC TEM- 
PERATURE CONTROL 
By J. R. Campbell Nearly In Full 


TEMPERATURE MEASUREMENT IN HIGH-VELOC- 
ITY AIR STREAMS 40 
By H. C. Hottel and A. Kalatinsky Extended Abstract 


AVIATION and INDUSTRIAL INSTRUMENTS AND 
REGULATORS DIVISIONS 
RADIATION PYROMETRY IN SUPERCHARGER 
TESTING 36 
By Victor P. Head In Full 
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HIGH-SPEED MULTIPLE-POINT POTENTIOME7® 
RECORDING OF THERMOCOUPLE TEMPE? 4. 
TURES DURING FLIGHT TESTS OF PLANE: 

By I. M. Stein, A. J. Williams 
and W. R. Clark Extended Abstrac 


FUELS DIVISION 
NEW COMBUSTION-CONTROL METHODS FOR AL 
STANDARD FUELS “a 

By Robert Reed 


INDUSTRIAL INSTRUMENTS AND 
REGULATORS DIVISION 
MINIMIZING INSTRUMENT MAINTENANCE IN 
DESIGNING AVIATION GASOLINE PLANTS... 
By D. J. Bergman and G. G. Gallagher In Full 
PROBLEMS IN OBTAINING PERSONNEL IN THE 
WARTIME OPERATION OF AN INSTRUMENT 
DEPARTMENT = 
By G. P. Bosomworth In Full 
TRAINING OF INSTRUMENT MEN FOR GOVERN. 
MENT MAGNESIUM AND STYRENE PLANTS. 
By Robert W. Cermak In Full 
WARTIME MATERIAL ECONOMIES IN INSTRU. 
MENT DESIGN 
By Theodore A. Cohen 
SOME EXPERIENCES IN PUTTING RECENT PROC. 
ESS UNITS INTO OPERATION..WW 
By H. F. Moore and W. C. Ludi In Full 
INSTRUMENT PIPING, TUBING AND FITTINGS 
DURING WARTIME 
By Ralph D. Webb In Full 


MATERIALS HANDLING DIVISION 
THE THEORY AND DESIGN OF ELECTRONIC CON. 
TROL APPARATUS sie 
By W. C. Cockrell Extended Abstract 
APPLICATION OF ELECTRONIC CONTROL... 4) 
By E. H. Vedder Extended Abstract 


TEXTILE DIVISION 


INSTRUMENTATION AND CONTROL IN THE TEX: 
TILE INDUSTRY bens 
By W. B. Heinz Extended Abstract 

ELECTRONIC INSTRUMENTATION IN THE TEX: 
TILE INDUSTRY 
By Stephen T. Herr 























Extended Abstract a 


New Instruments Department 
Indicators, recorders, meters, controllers, inspection 
devices, etc., for plant, field, aircraft and laboratory 


PAPER CONSERVATION (Publisher's Statement)... 
INSTRUMENT SOCIETY NEWS 
MANUFACTURERS’ NEW LITERATURE .Q..cc:csc-0-———» 
ADVERTISERS’ INDEX 
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NTS... 
In Full 3 
i tHe (B.A. STETSON, Guest Editor 
IMENT 
& MUTUAL BENEFITS 
VERN 
ANTS.. 
In Full 
ISTRU- T is a great privilege to address the readers of Jnstru- learn about the new Industrial Instruments and Regulators 
tummn [if ments directly and to acknowledge the salute which this Division and its activities. 
In Full agazine is making to The American Society of Mechan- The Industrial Instruments and Regulators Division, 
PROC. ial Engineers. which is virtually a technical society within an engineering 
~-wwmee I The engineers of the United States of America are for- society, began as a committee of specialists and enthusiasts 
bebe bnate in being well served by their technical press. Every within the Process Industries Division of the ck eat 
° Bbdustry is ably represented by is a fine group of men wit 
in Full (ge ot more magazines which pyspROOF of the COMMON BELIEF that a GUEST mon interests who have 
ake it their business to care ppiTOR MUST LACK EDITORIAL EXPERIENCE ‘?0W? and worked with one 
N br the needs of specialists another for several years. They 
CON- nst as the professional engi- a ar a have not only established their 
wun 4 feering society publications ber 1933, the usual decorum of ability and right to broaden 
ibstract = ister in broader and more the Annual Business Meeting of their activities but also have 
~~~ 4) fMoneral areas. There is no the A.S.M.E. was disturbed by found those invaluable person- 
bstract cage : a group who criticized every- 4 é 
oom for suspicion that, edito- thing im general and Society 4! contacts and friendships 
jally, there exists competition emma = comin. which such joint efforts, un- 
TEX & jealousy between these two " “re ls Suites, prez Ss nace selfishly undertaken, frequently 
Sap i3MMreat groups of technical jour- ant member who is the editor @ngender. Something of that 
bstract als. Each supplements the of a technical journal published informal spirit of good fellow- 
- by a private corporation, I say ; ‘ : 
TEX 44 her, and both are necessary that in my opinion Mechanical ship which Fare a oe 
as “Wor the complete service the Engineering, published by the Common undertakings can 
stract dividual engineer requires. A.S.M.E., is the finest technical sensed in the “chatty” account 
" journal in the world!” i 
One of the objectives of The a sre’ oh Lee of the Instruments sessions at 
siopcoet . P , ged that opinion aii an 
Hon merican Society of Mechani- stages kaoe wine 1 bik. =e A.S.M.E. Annual Meeting, 
tory al Engineers is the dissemi- of the man I want you to meet Prepared by Ed S. Smith, 


—although the adjoining photo- chairman of the original com- 


graph fails utterly to convey the : : , 
warm impression you would get mittee which fathered the Di- 
is objective as requiring it if you met him in person. vision. The present chairman 
D permit the freest use of the George Albert Stetson was born (May 6, 1889) and reared in New of the Division, Everett S. Lee, 
. . Haven, Conn., the son of the first city librarian there, who served in more * vein, d ib 
apers presented at its meet- actively for 42, years. In 1910 he was graduated (Ph.B.) from the ste~themnteing ete 5 Poe ote 
igs, by other publishers of Sheffield Scientific School of Yale University, where L. P. Brecken- the program of the Division 
nical and engineering  ‘idge, one of the ablest teachers of his time, headed the Department and of its numerous commit- 
hagazines rovided of Mechanical Engineering. Following a year of graduate study and tees, 
“en » provided proper teaching, he left Yale for a couple of years and returned as a , 
redit is accorded the authors member of the Department of Mechanical Engineering, remaining Interest in measurements, in 
these papérs and the So- until Professor Breckenridge’s retirement in 1923, when he left to instruments, and in regulation 


lety. Collateral publication in- 8° into business with a relative. In less than a year he was back and control that instruments 


ation of engineering informa- 
on. The Society interprets 





MPANY 


i teaching mechanical engineering, this time with Collins P. Bliss of ? : 
, BEHAR Greases the number of readers NYU, where he remained until 1928, During most of Stetson’s ™ake possible is fundamental 
or md the usefulness of the So- years at Yale and N.Y.U., he was on the editorial staff of the to science and engineering. The 


iety and of the men who share A-S-M.E. In 1928 he took up editorial work on a full-time basis. very first volume of the A.S. 


. (Lafayette ; * ““By temperament and experience,’’ he stated recently, “I am a ° . 
k 17, » ae knowledge and experience schoolmaster of the bookist type who was trained for editorial work M.E. Transactions testifies to 
eith Bldg, ith their fellow engineers. by my predecessor, Lester G. French, encouraged and inspired in this interest. The history of 
5 Nie or is this arrangement a uni- engineering society activities by that remarkable secretary, Calvin W. the Society’s activities since 
, James Rmeteral one. The Society is Rice, and disciplined to hard work and a certain amount of realistic 4889 shows how this interest 
tnut 195)Monstantly benefiti f thinking by my associates, Colonel C. E. Davies and Miss K. W. nyt Iti 

y, benefiting from the Clendinning, without whose loyalty and example I would easily suc- as been cultivated throughout 


[Instrument 












ervices rendered to it by tech- cumb to inaction and pedantry.” Well, George may be “‘bookist’” but the years. Papers by individ- 


y 26, 19%, . > . ° . ac : ” ae ie ** 
B79. ical magazines and their _ he is neither ‘‘bookish’’ nor ‘‘pedantic. —MFB uals, reports of committees, 
: foroe= ditors. descriptions of instruments and 


This issue of Instruments, which honors one of the their use, examples of expanding applications to regulation 
ewest of the A.S.M.E. professional divisions, is an excel- in all branches of mechanical engineering are to be found 
pnt example of the friendly relations between the Society in A.S.M.E. publications. As engineering advances, these 
d the technical press. Through this issue the technical subjects take on increasing importance and require a higher 
apers On measurement and automatic control, presented quality of competence to design, manufacture, apply, and 
der the auspices of several Divisions at the largest interpret them. Proof of these advances lies in the recent 
‘S.M.E, Annual: Meeting ever held, are made available\to establishment of the A.S.M.E. Industrial Instruments and 
large and highly technical group of readers. In this issue Regulators Division, which event is being signalized in this 
So these same readers are being given an opportunity to issue of Instruments. G.A.S. 
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N engineer can hold an engineering job without being 
A a member of an engineering society. Access to tech- 
nical books and magazines may be his without it. 
Industrial and engineering standards, approved practices 
and test codes are available to him if he wishes to consult 
libraries or to spend a few dollars for pamphlets. A non- 
member can enjoy the friendship and association of engi- 


neers if he is found to be 


a relationship. He can attend many meetings of engineer- 


ing societies. For a few 
dollars or on the invita- 
tion of a member he can 
be seen at banquets and 
receptions. He can utilize 
the Engineering Societies 
Library in New York with- 
out a membership card. 

What, then, is it that 
leads men to join engi- 
neering societies if it is 
not a job, money, prestige, 
or self-satisfaction? It 
may be any or all of these 
in partial measure, but 
fundamentally it is much 
more: A sense of personal 
responsibility to assist in 
the betterment of one’s 
occupational group and a 
desire to take an active 
part in its affairs by serv- 
ices that bring real satis- 
faction. The urge to work 
with one’s fellows for the 
advancement of engineer- 
ing knowledge, influence, 
and opportunity. A desire 
to play an effective role in 
an organization that rep- 
resents one’s profession— 
to play one’s part as an 
engineer in whatever serv- 
ices to the public engi- 
neers can perform better as 
a profession than as indi- 
viduals—to belong, in short, 
in the fullest sense of the 
word, to a profession. 

To belong is to have at- 
tained the recognition of 
one’s own abilities and at- 
tainments that none but 
one’s peers can grant—to 
be an engineer and to be 
known as such—a distinc- 
tion one cannot purchase 
for money if it is not de- 


served; something one’s fellow engineers can withhold from 

a man if they do not consider him worthy of it. 
Intangible motives, perhaps, these are, but powerful ones, 

none the less, and they become stronger and more appeal- 


ing as they are exercised 


basis for cooperative enterprises they result in tangible 


benefits to the individual 


fession, and the public at large. 

What the A.S.M.E. Means.—At present there is no single 
engineering society to which all engineers must belong in 
order to be recognized as members of the engineering pro- 


fession. There are several 


autonomously, engage in special] programs in their own 
fields, and operate jointly in matters of mutual concern. Of 
these autonomous organizations The American Society of 
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Why Engineers Join Societies 


(Adapted from an ASME pamphlet, “Do You Belong ?”) 


honorable and agreeable in such to foster the ideals, practices, 


2 ee RRR oe os 





ENGINEERING SOCIETIES BUILDING 
29 West 39th Street, New York 18, N. Y. 


In this building, headquarters of the A.S.M.E., are sixteen floors occupied 
by national engineering societies and their joint agencies including the 
Auditorium and Library. [Drawing by Lili Réthi.} 

The Mid-West Office of the Society is located in the Engineering Building, 
205 West Wacker Drive, Chicago 6, III. 


tion he may avail himself of the 


by professional men. And as a 


member, the engineering pro- A member may also enroll in 


national societies that operate 





Mechanical Engineers represents the field of engineeriy 
designated by its name. Membership in this Society igs ny 
only a recognition of attainment and ability; it is also, 
opportunity for greater achievement. Do you “belong” 

A.S.M.E. Services: To Its Members.—For sixty-thy 
years The American Society of Mechanical Engineers }y 
worked to enhance the status and prestige of engineers a, 


chanical engineers in their own minds and in’ the opinig 










and ethics that mark mp 


of the public as profs 
sional men. Membership j 
a society dedicated to thes 
objectives links an engi 
neer with the best elemey 
of his profession. It ; 
testimony to the world 
large that the engineg 
has been adjudged by }j 
fellows as being worthy ¢ 
assuming the obligatioy 
that membership implie 

The 17,000 Juniors 
Members, and Fellows ¢ 
the A.S.M.E.  represu 
men of all ages in @ 
branches of mechani 
engineering. They serg 
many industries. They ar 
engaged in design, » 
search, testing, inventim, 
education, patent law, ani 
consulting practice. The 
hold positions varyi 
from apprenticeship 
presidency and ownershi) 
of enterprises. 

In addition to these 1', 
000 members, more tha 
5700 Student-members ar 
enrolled in 120 Student 
Branches. 

Every member of th 
A.S.M.E. is entitled to en 
roll in three of the 18 pr 
fessional divisions whic 
are engaged in developing 
technical knowledge. Ht 
may participate in severd 
Society meetings held at 
nually and in the nationd 
meetings of the divisions 
He has access to the En 
gineering Societies li 
brary. and to its majj 
services. If he is lookim 
for a position or if 


wishes to change his posf 
Engineering Societies Pe 
sonnel Service, Inc. All these opportunities and privilegé 
he enjoys, not because he pays something as he buys 2 sv 
of clothes, but as one whose active support makes th 
opportunities and privileges possible. He is not an outsid®y 
or a hanger-on; he pulls his own weight in the boat. 


one of the A.S.M.E. Lod 


Sections, many of which are affiliated with local engine 
ing clubs and societies. In these sections, which functit® 
in 70 communities in the United States and Canada, ent 

neers enjoy the privileges of professional association af 
contact with other engineers and may attend local mety 
ings devoted to technical discussions and economic 4 
social betterment. Here again he identifies himself locallff 
with the profession to which he owes his professional stati} 
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HAROLD V. COES, vice-pres. Ford, Bacon & Davis, was born in Hyde 
Park, Mass. He is an M.I.T. grad (B.S. '06). From 1908 to 1911, while with 
the Liquid Carbonic Co., he assisted in the design of, and built and operated 
the then largest liquid-carbonic-acid plant in the world. In 1914, he became 
V-P&G-M of the tinel Mfg. Co. (automatic devices). In 1917, he joined 
Gunn, Richards & Co. and, as industrial engineer, reorganized production in 
munitions plants of Canada. His work was so successful that he was invited 
to join Ford, Bacon & Davis, of which he became a partner in 1937 and, in 
1941, V-P. Mr. Coes has been active in the A.S.M.E. since 1907, serving as 
V-P in 1927 and 1932-1934. His committee work includes several Chairman- 
ships. He is the Society's representative on the Engineers’ Defense Board and 
is prominent in the American Management AssOciation and other societies. 
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ROBERT M. GATES, president Air Preheater Corp., formerly vice-pres. The 
Superheater Co. and Combustion Engineering Co., was born in Iowa, 
7, 1883. After graduating from Purdue (8.S. in M.E.) 1907, he worked with - 
eo. then practiced as consulting engineer until 1912 when he 
joined the Thew Shovel Co. In 1918 he became Eastern manager for the 
Lakewood Engineering Co. In 1922 he joined The Superheater 
participated in the design and construction of fuel, steam-generating and 
process-industries equipment including the world’s largest high-pressure boil- 
Gates has served as chairman of WPB-A.S.M.E. War Production 
Clinics. He has written many articles on materials handling, 
tion, personnel and management. He is active in more than a 


Sept. 


o. He has 


wer genera- 
ozen societies. 








ks an engi 
«gars, Every member receives without extra cost the monthly Local Sections.—Every A.S.M.E. member may also be a 
he —_- da Mechanical Engineering (with which is published the member of one of 70 Local Sections, which carry on pro- 
he engin A.S.M.E, News), and, if he desires it, the Transactions, grams of engineering, professional welfare, and civic work 
dged by e which is issued monthly and includes the Journal of Ap-_ all over the United States. Each Section receives financial 
g worthy 4 plie d Mechantes. He receives, free of charge, the Member- and other assistance from the parent Society. 
obligation ship List, and = —_ eee yen a Student Branches.—More than 5700 mechanical engineer- 
hip implig and Directory, and he may purchase at re uced rates t . ing students are members of 120 A.S.M.E. Student Branches 
ee Codes and Standards of the Society, and special books an located throughout the country. Upon graduation, every 
Fello publications issued for sale. He is not merely a subscriber; Student-member may transfer to the Junior grade of mem- 
“sn he is a supporter of these publications. They are his. i bership. Student Branches conduct their own activities. 
iaea: in 2 Opportunity to serve on one or more of the Society’s _ Professional Divisions.—The A.S.M.E, Professional Divi- 
mechanical national and local committees, of which there are several sions plan the technical features of national Society meet- 
They sera Dundred, provides additional means by which the member ings, hold their own national meetings, have their own 
s. Th ey 8 increases his prestige and professional contacts. The satis- officers and committees, and engage in special activities such 
design, 1 faction that comes from serving fellow engineers, the pro- as plant inspection trips. Every A.S.M.E, member may 
. inventin fession, and the public, and from the friendships formed register in any three of the following eighteen divisions: 
nt law, ane 25,2 Consequence of committee member- oe ate Mechanics 
ctice. They ship is one of the prized and enduring | a tees on 
ns varying benefits of membership. To the member “THE OBJECTS OF THIS SOCIETY are to promote the art | Graphic Arts 
iceship : these opportunities and satisfactions are | and science of mechanical engineering and the allied | Heat Transfer 
 ownershi Sctuine, for it is his membership that | arts and sciences; to encourage original research; to | eee Te re 
makes them possible. : | foster engineering education; to advance the stand- | and Raieieiose: + 
o these 1/, Sag gees i tae eng a | ards of engineering; to promote the intercourse of cet ne 
Seal actin for the bento he ete | ce entata end iecapeon wid er | Sites Serio 
0 Studentfe CUSineering profession as well as its 6 MaaAte 2 ead Wckaieen ei sag Rt : 0 as Power 
own members by means of technical g i g “ SES SOE TP CUROTTR APO: BLL Ey tiduilstce 
er of thm mectings, publications, and the stimula- usefulness of the engineering profession. Production Engineering 
itled to ena tion of research; the codification of en- —CONSTITUTION, A.S.M.E., ARTICLE C2, SECTION 1 | aanae 2a aaa a 
the 18 prog Siteering construction, operation, test- -—- —attnneeeer—t . aeaae aod: 
ions whide 28, and safety practices; industrial ; Wael Patuctetes 
developing standardization under the procedure of the American Stand- There is also a Consulting Engineering Professional Group. 
ledge. Hi ards Association ; codperation for joint action with other Special Council Committees are appointed from time to 
. in severdfe 2Sineering groups, such as the Engineering Societies Li- time, as need arises. Two of current interest are those on 
s held at brary, the Engineering Societies Personnel Service, Inc, War Production and on Post-war Planning. 
he nationlge Lhe Engineering Foundation (research), the Engineers’ 476 Technical Committees.—Safety, test, and construction 
, divisions Council for Professional Development (devoted to student codes, research in many fields, and industrial standardi- 
to the Eng S¢lection and guidance, accrediting of engineering curricula, zation are sponsored by 476 A.S.M.E. technica] committees 
‘eties Life ‘Taining of young engineers, and professional recognition on which 2471 engineers are serving. 
its mage Of Maturing engineers); the conferring of medals, prizes, Publications: 
is looking and awards; he code of ethics; and attention to legislation Mechanical iitneditan: he Society’s monthly Journal, a high- 
or if k and public discussions affecting the economic and profes- grade technical magazine, contains papers and addresses of mene 
e his poste sional status of the engineer. Without engineering societies, general interest, editorials, book reviews, and other features. 
ieties Pet these activities would have no continuing existence, and the Transactions,—Issued monthly (four numbers being the Journal 
privilege profession little or no influence. of gases yp ieee rome original technical papers. 
yuys a sul ASME, Services: To the P ublic.—On behalf of the pub- Tuiemieal Cosainece, "Present: Ntibed ana toned piabuiaety. 
makes tl lie welfare the A.S.M.E. maintains contacts with numerous The Fluid Meters reports, Power Test Code instrument pamphlets, 
n outside ™unicipal, state, and federal agencies, fosters a high ete., are well-known to many Instruments readers. 
at. fi standard of professional ethics, ereates international good- General, Publiestiona Biographies, bibliographies. handbooks 
[.E. Locif™ Will through its relations with engineering groups in other >be ; ¥ _e 
engine fm COuntries, contributes to the navadounent of engineering How to Become an A.S.M.E. Member—A candidate must 
. functiofil Knowledge, and, through members nominated* on invitation first file an application, endorsed by several A.S.M.E. mem- 
ada, ent: for special services, makes available expert opinion, advice, bers .of known standing who are sufficiently familiar with 
‘ation afi 2nd skill to governmental and educational bodies. the quality of his achievements as an engineer to act as his 
cal met Meetings.—The A.S.M.E. holds annually several national saponin ane a Ne P rg eee 
omic ; Society meetings in widely scattered areas, featuring tech- = es tow A Fallow shail be on: cen happened shall have distinct 
lf locall nical sessions, plant visits, social events, committee meet- engineering attainment, 25 years of active practice* in the pro- 
1al state ings, and general lectures. fession of engineering or teaching of engineering in a school of 
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accepted standing, and shall have been 13 years in the grade of 
Member, or Associate-Member, or 10 years in the former Member 
grade. An engineer lacking these qualifications but who has dis- 
tinguished engineering or scientific attainments may be elected a 
Fellow by unanimous vote of Council members voting. Initiation 
fee, $30; annual dues, $25. 

MEMBER—30 years or over—nine years’ active practice in en- 
gineering,* three of them in responsible charge of important work; 
qualified to design as well as to direct engineering work. Initiation 
fee, $25; annual dues, $20; transfer to Fellow, $5. 

ASSOCIATE—30 years or over—An Associate need not be an en- 
gineer but must have a record of recognized leadership in.some 


*Graduation from an engineering school of accepted standing 
shall be considered equivalent to four years of active practice. 


profession, or branch of industry, or science relating to engineer. 
ing, and shall be qualified to cooperate with engineers in the pra. 
tice of their profession. Initiation fee, $25; annual dues, $20 
sJUNIoR—A Junior Member shall be a graduate of a schoo] of 
engineering of accepted standing or one who has equivalent attain. 
ments. Initiation fee, $10; annual dues, $10 under age 30, $15 
ages 30 to 32, inclusive, and $20 thereafter; transfer to Associate 
or Member, $10 (excepting applicant under age 33, in good stanq. 
ing for 5 consecutive years, may be transferred without fee). 
STUDENT-MEMBER—A Student-member shall be a student regu- 
larly enrolled and pursuing an approved engineering curriculum in 
a school having a Student Branch of this Society. A Student. 
member shall not remain in this grade beyond the end of thp 
Society’s fiscal year in which he terminates his enrollment ag , 
Student. Annual dues, $3. 


A Message from the Chairman of the New Division 


EVERETT SAMUEL LEE, Engineer in Charge of 
General Engineering Laboratory, General Electric 
Co., was born at Chicago, November 19, 1891, and 
received the degrees of B.S. in E.E. from the Uni- 
versity of Illinois in 1913 and of M.S. in E.E. from 
Union College in 1915. From 1913 to 1916 he was 
an instructor in electrical engineering at Union 
College and a laboratory assistant at G-E. He was 
with the Locomotive Stoker Co., Chicago, 1916-17 
and, after a year in charge of machine gunnery 
at the U. S. Army School of Military Aeronautics 
at Urbane, Ill., returned to G-E in 1918. He has 
been with G-E continuously since then, becoming 
Assistant Engineer of the General Engineering Lab- 
oratory in 1928 and assuming his present position 
in 1931. . . . Up to this point the wording follows 
that supplied by the American Institute of Electrical 
Engineers (of which Mr. Lee is said to be the 
most active Fellow in its history) but the A.I.E.E. 
does not elaborate on the words “‘his present posi- 
tion.”’ We can’t let it go at that! Regardless of 


THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
INDUSTRIAL INSTRUMENTS AND REGULATORS DIVISION 


Schenectady 5, N. Y. 
December 23, 1943. - 


To the editor of Instruments: 


Those who are active in the work of instruments and 
measurements recognize their universality. To those who 
are not so familiar with this, I have found that the Lord 
Kelvin statement brings an instant response, for from their 
own experiences they recognize, 


“that when you can measure what you are speaking 
about, and express it in numbers, you know something 
about it; but when you cannot measure it, when you 
cannot express it in numbers, your knowledge is of a 
meagre and unsatisfactory kind; it may be the begin- 
ning of knowledge, but you have scarcely, in your 
thoughts, advanced to the stage of Science, whatever 
the matter may be.” 


The scope of the Industrial Instruments and Regulators 
Division of the American Society of Mechanical Engineers 
can be as broad as the Lord Kelvin statement. At the 
moment we are working in a more restricted portion of the 
measurements field, that of industrial instruments and 
regulators, but this portion is a most interesting one and 
has in it still many opportunities for advancement even 
though the advances that have been made represent one of 
the most remarkable of engineering achievements. To make 
this even better is our aim. 

To those in the work there is every opportunity for 
extension appropriate to their abilities. The opportunities 
which exist are limited only by our knowledge of the 
physical sciences and our ability to operate within that 
knowledge. The associations available through the Indus- 
trial Instruments and Regulators Division of the A.S.M.E. 
give opportunity in the participation and the recording of 
this advance. 

In the past year we have set up an organization whereby 
the members of the A.S.M.E. interested may participate. 
This is a Division organization built upon the previous 
Committee organization under the leadership of Ed S. 
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his title and of his Schenectady duties, his position 
is often called ‘‘Good-Will Ambassador to All En 
gineering Societies.’’ Space limitations prevent de- 
tailed listing of his achievements on committees 
and boards and as an officer of various societies. 
In the A.S.M.E. he has been active in the previ- 
ous Committee on Industrial Instruments and Regu- 
lators before becoming Chairman of the Industrial 
Instruments and Regulators Division. He is also a 
member of the Schenectady Kiwanis International, 
but to engineers in general his most important 
Chairmanship at present is that of the Engineers’ 
Council for Professional Development—a ‘‘super 
duper’’ body made up of delegates from national 
engineering societies. To G-E men and to electrical 
instrument men everywhere, he is known for his 
many years of work in the field of electrical 
measurements. And to members of Measurement and 
Control Societies in various parts of the country 
he is known as the giver of a lecture on ‘‘Measure- 
ments’’ which is both instructive and delightful . . . 


Smith. The committee personnel at present is given on the 
page which I understand you are assigning to Division 
Secretary Peters. 

A.S.M.E. members who are interested may be members 
of the Division; others may be associated with the work. 
The Division will contribute wherever it can to the service 
of those interested in the field of Industrial Instruments 
and Regulators, and in a larger sense to those interested 
in the broader aspect of measurements. 

The field is enormous as it extends into the multitudinous 
processes in our whole industrial nation-wide plant. We 
find here theory, design, and application. The theory in- 
cludes the physical phenomena involved together with the 
application of mathematics to bring the physical concepts 
into a quantitative usefulness. The design includes the de- 
scription of the designs of industrial instruments and regv- 
lators together with their performance. The application 
includes the actual application of instruments and regv- 
lators, their installation, maintenance and repair, and the 
building up of instrumentation organization in industrial 
companies for instrument application and maintenance 
Surrounding all of this is a proper terminology togethe! 
with a recording of progress in papers to include als 
bibliography and translation. The whole field is thus repre 
sented in our Division organization. 

Of the nearly 100 members of the Division some 60 0! 
them were present at the Annual Meeting of the Society 
which you are here reporting. Attendances of 150 are i 
the records for the two sessions held under the auspices 0! 
the Industrial Instruments and Regulators Division. Such 
interest and such enthusiasm attests to the importance and 
to the value of the work. 

It is the life work of many measurements engineers. |! 
lives in American industry today where it is the vita 
element in process control. Its importance is fundamental. 

We appreciate your interest in giving your readers al 
opportunity to learn of these activities. You have constantly 
progressed the thoughts, aspirations, advantages, accol 
plishments, and opportunities in the instrumentation field 
May these be further extended to the advantage of all. 

Very truly yours, 
EVERETT S. LEE, Chairma' 
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“A Technical Society within an Engineering Society” 


Guest Editor Stetson (A.S.M.E. Editor) uses the above expression (see Page 1) to characterize the new 
j. I. & R. Division. On this page, Division Secretary Peters supplies all the ‘“who’s who” data, as of Dec. 6, 1943. 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
INDUSTRIAL INSTRUMENTS AND REGULATORS DIVISION 


OFFICERS 


Chairman, Everett S. Lee 


Secretary, J. C. Peters 


DIVISION MEMBERS 


Bean, L. J., The Bristol Co., Waterbury 19, 
Conn. 


Behar, M. F., 245 Melwood St., Pittsburgh 
a. 


13, Pa. 

Belaef, N., 68 Baker Ave., Westport, Conn. 

Bergman, Dr. D. J., 310 S. Michigan Ave., 
Chicago, Il. 

Boelter, Prof. L. M. K., University- of Cali- 
fornia, Berkeley, Calif. 

Bradley, Ingalls S., 304 Clay Avenue, Roch- 
ester 18, N. Y. 

Bristol, E. S., Leeds & Northrup Co., 4901 
Stenton Ave., Phila. 44, Pa. 

Croft, Prof. Huber O., University of Iowa, 
Iowa City, Iowa. 

Davis, Capt. C. R., 12 Ormsby Crescent, 
Toronto 12, Canada. 

Draper, Prof. C. S., Mass. Inst. of Tech- 
nology, Cambridge, Mass, 

Eckman, Donald P., Brown Instrument Co., 
4497 Wayne Ave., Phila. 44, Pa, 

Eskin, S. G., Robertshaw Thermostat Co. 
Research Lab., 1201 Washington Blvd., 
Pittsburgh 6, Pa. 

Exline, Paul G., Gulf Research & Develop- 
ment Co., Box 2038, Pittsburgh, Pa. 

Goetzenberger, R. L., Brown Instrument 
Co., Wayne and Roberts Avenues, Phila. 
44, Pa. 

Goglia, Prof. M. J., Dept. of Mech. Eng., 
Univ. of Illinois, Urbana, IIl. 

Gorrie, H. H., Bailey Meter Co., 1050 Ivan- 
hoe Road, Cleveland, Ohio. 

Gradisar, A, A., Spencer Lens Co., Buffalo, 


N. Y. 

qraff, Paul, E. B. Badger & Sons Co., 75 

Pitts Street, Boston 14, Mass. 

Grebe, Dr. John J., The Dow Chemical Co., 
Midland, Mich. 

Haigler, Edmund D., The Foxboro Com- 
pany, Foxboro, Mass. 

Hanssen, A, J., 740 5th Ave., South, Clin- 
ton, Iowa. 

Harlow, James H., 1000 Chestnut St., 
Philadelphia, Pa. 

Hartford, Ernest, A.S.M.E., 29 W. 39th St., 
New York 18, N. Y. 

Hawkins, Prof. G. A., Mech. Engrg. Bldg., 
Purdue Univ., Lafayette, Ind. 

Heinz. W. B., Middlebrook Road, Bound 
Brook, N. J. 

Hrones, Prof. John A., Mass. Inst. of Tech- 
nology, Cambridge, Mass. 

Hubbard, K. H., Taylor Instrument Com- 
panies, Rochester 1, N. Y. 

Hunter, James W., Sherron Metallic Corp., 
1201 Flushing Ave., Brooklyn, N. Y. 

Irmer, C. B., Leeds & Northrup Co., 4901 
Stenton Ave., Phila. 44, Pa. 

Kavan, Prof. C. F.,, Columbia University, 
New York, N. Y. 

Keppler, P. W., 41 Sherman Street, Fox- 
boro, Mass. 

Kimball, James L., 10 Walnut St., Danvers, 
Mass. 

Kohn, E. J., Tennessee Coal & Iron Co., 
Birmingham 8, Ala. 

Lee, Everett S.. General Electric Company, 
Schenectady 5. N. Y. 

Lee. Dr. Geo. H., 207 W. Sibley. Cornell 
Univ., Ithaca, N. Y. 

Markson, A. A., Hagan Corp., 323 Fourth 
Ave., Pittsburgh 30, Pa. 

Mason, Dr. H. L.. Taylor Instrument Com- 

wee Rochester 1, N. Y. 
cMahon, The Kellex Corp., ay 
mia... 8 

Moore, Harry F., Standard Oil Development 
Co., P. O, Box 37, Elizabeth, N. J. 

Olive, T. R., McGraw-Hill Publishing Co., 
330 W. 42nd St., New York, N. Y. 

Peters, J. C., Leeds & Northrup Co., 4901 
Stenton Ave., Phila. 44, Pa. 

Philbrick, Geo. A., Mass. Inst. of Tech- 
nology, Cambridge, Mass. 

Posey, Prof. C. J., Engrg. Bldg. State Univ. 
of Iowa, Iowa City, Iowa. 

Roberts, Richard F., 136 Cleveland &, 
_ Orange, N. J. 

Schofield, W., Leeds & Northrup Co., 4901 
Stenton Ave., Phila. 44, Pa. 

Smith, Ed S., Research Engrg. Dept., 
Eclipse-Pioneer Div., Bendix Aviation 
Corp., Teterboro, N. J. 


Smith, Geo. W., Box 1346, Pittsburgh, Pa. 

Smith, Ronald B., Elliott Company, Jean- 
nette, Pa. 

Sperry, Elmer A., Jr., Sperry Products Inc., 
1505 Willow Ave., Hoboken, N. J. 

Sperry, Albert F., 2326 S. Michigan Ave., 
Chicago 16, IIL 

Sprague, Philip T., The Hays Corp., Michi- 
gan City, Ind. 

Stein, I. Melville, Leeds & Northrup Co., 
4901 Stenton Ave., Phila. 44, Pa, 

Strowger, E. B., Buffalo, Niagara & Eastern 
Power Corp., Buffalo, N. Y. 

Trinks, Prof. W., 1610 First National Bank 
Bldg., Pittsburgh, Pa. 

Turner, Ralph E., 53 W. Jackson Blvd., Chi- 
cago, Ill. 

Webb, R. D., 1 Lindy Road, Charleston 4, 
W. Va. 

Wichum, Maj. Victor, 1291 Dean Street, 
Brooklyn, N. Y. 

Wood, W. D., Taylor Instrument Compantfes, 
Rochester 1, N. Y. 

Yellott, J. L., Inst. of Gas Technology, 3300 
Federal St., Chicago 16, IIL. 

Ziebolz, H., Askania Regulator Co., 1603 
S. Michigan Ave., Chicago 16, Ill. 

Zucrow, Dr. M. J., Aerojet Engrg. Corp., 
285 W. Colorado St., Pasadena, Calif. 





DIVISION ASSOCIATES 


Ahrendt, Wm., 545 Alden Ave., Westfield, 
N, 

Barnett, H., Powers Regulator Co., 2776 
Greenview Ave., Chicago, II. 

Bosomworth, G. P., Firestone Tire and Rub- 
ber Co., Akron 17, Ohio 

Brombacher, Dr. W. G., Bureau of Stand- 
ards, Washington 25, D.C. 

Brown, Dr. Gordon S., Servomechanisms 
Lab., Bldg. 32, M.I1.T., Cambridge 39, 
M.I.T., Cambridge 39, Mass. 

Cermak, Robert W., Dow Chemical Co., Mid- 
land, Mich. 


Cloran, Everett, Pittsburgh Equitable Meter 
Co., 400 N, Lexington Ave., Pittsburgh 8, 
Pa. 

Cochran, J. K., Monongahela & West Penn 
Public Service Co., Fairmont, W. Va. 

Cook, L., The Foxboro Co., Foxboro, Mass, 

Dudley, Lieut. John W., Jr., U. S. Naval 
Experiment Station, Annapolis, Md. 

Everhart, J. L., National Bureau of Stand- 
ards, Washington 25, D.C, 

Fairchild, C. O., C. J. Tagliabue Mfg. Co., 
550 Park Ave., Brooklyn 5, N. Y. 

Greaves, H. B., No. 1 Old Colony Lane, 
R. R. 13, Box 1684, Kirkwood 19, Mo. 

Hammond, H., Manning, Maxwell and 
Moore, Inc., Bridgeport, Conn, 

Harris, Herbert, Jr., 299 Jackson St., Hemp- 
stead, N. Y. 

Hickes, W. F., The Foxboro Co., Foxboro, 
Mass. 

Ivanoff, Dr. A., Hayward Tyler & Co., Ltd., 
Luton Beds, England 

Johnson, S. P., Std. Oil Co. of Cal, San 
Francisco, Cal. 

Kidd, W. H., The Foxboro Co., Foxboro, 
Mass. 

Mason, C. E., Mason-Neilan Regulator Co., 
1090 Adams St., Boston, Mass. 

McCoy, W. K., Construction Div., Petroleum 
Adm., Interior Bldg., Room 2345, Wash- 
ington, D.C. 

Moore, Prof. A. D., College of Engrg., Univ. 
of Michigan, Ann Arbor, Mich. 

Moore, Coleman B., Moore Products Co., 
H & Lycoming Sts., Phila. 24, Pa, 

Nichols, Nathaniel B., Radiation Lab., 
M.I.T., Cambridge, Mass. 

Rockwell, Ralph A., Mason-Neilan Regu- 
lator Co., 1190 Adams St., Boston, Mass. 

Rolnick, Dr. H. A., 1748 N. Marvine S&t., 
Philadelphia, Pa . 

Sipkin, George, Division 26, U. S. Patent 
Office, Richmond, Va. 

Stover, Prof. E. F., Room 114, Engrg. Bldg., 
Univ, of Pennsylvania, Phila., Pa. 

Summers, Prof. R. E., University of Minne- 
sota, Minneapolis, Minn. 

Swarr, J. N., The Bristol Co., Waterbury 19, 
Conn. 

Sylvander, R. C., Pioneer Instrument Div., 
Bendix Aviation Corp., Teterboro, N 

Van der Pyl, Dr. Lyman, Pittsburgh 8, Pa. 

Wheeler, H. E., M. W. Kellogg Co., 225 
Broadway, New York, N. Y. 

White, M. H., Atlantic Refining Co., 
Passyunk Ave., Phila, 45, Pa. 

Ziegler, J. G., Taylor Instrument Companies, 
Rochester 1, N. Y. 





COMMITTEES 


Executive 
Everett S. Lee, Chairman (1947) 
J. C. Peters, Secretary (1948) 
Hd S. Smith (1946) 
E. D. Haigler (1945) 
I. M. Stein (1944) 


By-Laws 
E. D. Haigler, Chairman 
D. J. Bergman, A. A. Markson, J. B. Mc- 
Mahon, I. M. Stein. 


Representatives on Special ASME Com- 
mittee on Membership Development: R. L. 
Goetzenberger, R. E. Turner, L. M. K. 
Boelter. 


Papers 
P. W. Keppler, Chairman 


G. W. Bosomworth, W. G. Brombacher, P. G. 
Exline, J. J. Grebe, E. D. Haigler, H. L. 
Mason, H. F. Moore, R. B. Smith, A. F. 
Sperry, R. D. Webb. 


Terminology 


H. F. Moore, Chairman 


N. Belaef, D. P. Eckman, W. B. Heinz, 
J. B. McMahon, J. C. Peters, Ed S. Smith, 
H. E. Wheeler, J. I. Yellot, J. C. Ziegler. 


Theory 
A. F. Sperry, Chairman 
Wm. Ahrendt, G. S. Brown, C. S. Draper, 
Herbert Harris, Jr., J. A. Hrones, Carl F. 
Kayan, C. E. Mason, N. B, Nichols, G. A. 
Philbrick, Ed S. Smith, G. W. Smith. 


Design 
W. G. Brombacher, Chairman 
N. Belaef, G. P. Bosomworth, L. Cook, 8. G. 
Eskin, J. L. Everhart, P. G. Exline, C. O. 
Fairchild, H. H. Gorrie, K. H. Hubbard, 
Cc. B. Irmer, A. A, Markson, C. B. Moore, 
J. N. Swarr, J. N. Swarr, R. C. Sylvander, 
H. Ziebolz, 
Application 
J. Jz Grebe, Chairman 

L. G. Bean, M. F. Behar, D. J. Bergman, 
R. W. Cermak, J. K, Cochran, J. W. Dudley, 
Jr., Paul Graff, H. B. Greaves, E. D. Haig- 
ler, J. H. Harlow, W. B. Heinz, E. J. Kohn, 
W. K. McCoy, R. B. Smith, R. D. Webb, 
H. E. Wheeler, M. H. White, M. J. Zucrow. 


Bibliography and Translations 
H. L. Mason, Chairman 


. Eskin, P. G. Exline, W. F. Hickes, 
. Lee, L. Van der Pyl, H. Zieboltz. 





LIAISON REPRESENTATIVES 


Cc. O. Fairchild — American Institute of 
Physics 
J. J. Grebe—American Institute of Chemi- 


cal Engineers 

E. S. Lee—AIEE Committee on Instruments 
and Measurements 

Ed S. Smith—Aviation Division 


B. Smith—ASME Committee No. 20 on 
Speed, Pressure and Temperature Respon- 
sive Devices 
M. Stein—Gibson Island Conferences of 
AAAS. 

Ivanoff—Institution of Mechanical Ensgi- 
neers (British) 


R. 
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This Annual Meeting’s Activities of the ITRD 


By ED S. SMITH, Research Engineer, Eclipse-Pioneer Div., Bendix Aviation Corp., Teterboro, N. J. 


The writer was given this assignment not as a member 
of the IIRD’s Executive Committee, but as an inveterate 
and confirmed writer who is a charter member both of the 
ASME’s IIRD (CIIR) and of the New York Society for 
Measurement and Control, to “cover the IIRD sessions of 
the Sixty-third Annual ASME meeting in a chatty in- 
formal manner.” 


of the IIRD’s Executive Committee were present at 

the ASME’s annual pre-meeting get-together at 
which the new officers and the rank-and-file of the Society’s 
wheel-horses got better acquainted with one another’s cur- 
rent problems. 


It developed that Sam Lee, IIRD’s Chairman, had been 
made the Chairman of the Engineering Council for Pro- 
fessional Development and feared that he might not be able, 
like former President Taft, to occupy two chairs simul- 
taneously. Although the rest of the Executive Committee 
sympathized with his dilemma, they thought that this was 
his problem and refused to take official cognizance of his 
embarrassment unless or until he outright resigned. This 
position was reached after Mel Stein, who raised this new 
Division from a “Committee” and would have been drafted 
as Mr. Lee’s successor, expressed his pleasure over Sam’s 
persistence. 


The other main point was Ed Haigler’s tale of his 12-mile 
Hereford hunt in the wilds of Foxboro in which two wild 
and wily calves served as the “game,” during which saga 
Secretary Peters ran out of cigars and started his annual 
lend-lease with this writer. 


On Monday evening, the Executive Committee started 
its official meeting at dinner with the Chairmen of the 
IIRD’s several Committees. Paul Keppler, on Papers, had 
really done a lot of work and it appeared that he still 
naively hoped to get some author to meet a dead-line at 
some Session in the coming year. Jerry McMahon, subbing 
for the Aruba-absent Harry Moore, on Terminology, stated 
in his round baritone that real progress has been made 
toward releasing for outside discussion some terms which 
the Terminology Committee deemed, after about five years 
of consideration, to be useful to process-application engi- 
neers, although possibly not ideal for automatic control 
generally. It was agreed that this should be given an early 
release as tentative. 


Under the Leesian set-up: 


Albert Sperry on Theory tackled the difficult job of mak- 
ing progress under wartime restrictions. 


Dr. John Grebe, the current Chemical Medallist, had an 
easier task on Applications since there are many processes 
which, despite censorship, are still not unmentionable. 


And Dr. Brombacher, of the Bureau of Standards, took 
on the development of an interesting series of papers on 
instrument and regulator” Design enthusiastically but with- 
out illusions as to the amount of work involved. 


Upon the Aviation Division’s request for an Executive 
Committee Member of the IIRD who was also active in 
aviation, the writer was appointed liaison associate. Secre- 
tary Peters is tying in with other groups as to liaison, 
letting them know of the IIRD’s activities and facilities. 
Later in the week Reg Pigott, Chairman of the Fluid 
Meters Committee and who supported from the start the 
IIRD and its parent CIIR, tied in with Secretary Peters so 
that the writer, who in times past had worked long on the 
FMC, could take care of the liaison-task. 

Although the IIRD’s tentative bylaws closely followed 
those of other ASME Divisions, McMahon allowed that they 
didn’t meet the democratic ideal of a town meeting and a 
Bylaws Committee, including McMahon, was set up. 


O- Sunday evening, November 28, all of the members 
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Chairman Lee’s hard work on organization was re. 
warded by the relatively few changes suggested and by the 
smoothness with which the activities proceeded on Tuesday, 


The sense of the meeting was that this group’s activities 
were to be non-restrictive as to instrument activity of 
other groups and codperative therewith, including with the 
various instrument societies throughout the country, follow. 
ing a policy of liberal liaison through men who as far a; 
possible are members of the IIRD. 


On Tuesday morning the several Committees met and 
enjoyed the confusion resulting from the expansion to in. 
clude engineers from outside the Process Industries Divi- 
sion. In “Theory,” the “servo-mechanism” group, of which 
Prof. Gordon S. Brown (M.I.T.) is senior member, wa; 
interested to find that they and the older group on “auto. 
matic control” could understand each other and speak in 
the common language of control. Dr. Grebe and his Appli- 
cations Committee found plenty to do. Dr. Brombacher had 
the hardest job since his group had no nucleus of members 
who were used to working together but made a good start 
with the loyal support of his former Bureau colleague, 
Owen Fairchild. 


At the luncheon, Chairman Lee gave the whole group an 
account of what had been accomplished since the preceding 
annual meeting. 

On Tuesday afternoon, the Aviation Division and the 
IIRD enjoyed a joint technical session at which John Mar- 
chant, of Pratt & Whitney Aircraft, and the writer, of 
Eclipse-Pioneer, respectively acted as Recorder and Chair- 
man with an attendance of over 150. Jerry McMahon re- 
ported on terminology and a surprisingly harmonious dis- 
cussion followed. 

A paper on Radiation Pyrometry in Supercharging Test- 
ing was given by V. P. Head of the G.E. Co., a high-light 
being that temperatures were responsively and accurately 
measured below 300°F. In the discussion, Mal Behar mer- 
tioned measuring sub-zero temperatures by a reversed radi- 
ation method and described a monomolecular-layer “re 
ceiver” as the low-lag ideal. 


After a getting-acquainted-better, or 7th-inning, recess, Mel 
Stein read a paper on a high-speed multi-point potentiometer 
for recording temperatures on flight-testing planes. A. J. 
Williams, Jr. and W. R. Clark, his co-authors and colleagues 
at Leeds & Northrup, joined him in answering a lively dis- 
cussion and in demonstrating the instrument which was on 
rockers. 


Supper was started harmoniously with “Hi Lee, hi low’ 
when Sam Lee appeared briefly to turn over the group to 
Secretary Peters. Don Bergman and Prof. Boelter joined 
the writer (all University of California men) at the “head 
table.” At the end of the meeting, Chairman Lee returned 
to speak again. 


In the evening symposium of the ITIRD on the wartime f 


problems of industrial-instrument departments, Don Berg- 
man (& G. G. Gallagher) told of instrument maintenance 
of aviation gasoline plants, Bosomworth of instrument per 


sonnel difficulties, Cermak of training men for magnesium f 
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and styrene plants, Ted Cohen of material-substitution difi- Pj, 


culties for wartime instruments, Geo. Martin (for H. F. 


Moore and W. C. Ludi) gave some experiences in starting F 


process units, and R. D. Webb of piping and fitting diff- 
culties for industrial instruments. Lee again acted as Chair- 


man and kept the lively discussion within bounds although | 


Jerry McMahon’s voice was again raised in questioning the i 


terminology used by the different speakers. 


This lively meeting had such a large attendance that it 


was forced to shift to a larger hall. Altogether there was 


much evidence that it had been a wise move to form 4 & 
Division which opened this group’s activity beyond the F 


bounds of the Process Industries Division. 
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he first six papers (pages 7-18 inel.) 
) five users and one manufacturer of 
dustrial instruments, are those pre- 
ted at the symposium on instrument 
gineers’ Wartime Problems held Tues- 
ay evening Nov. 80. For nearly a year, 
&RD Program Committee Chairman 
Paul Keppler (The Foxboro Co.) had 


election of Papers Presented at Sixty-third Annual A.S.M.E. Meeting 


worked to make this symposium session 
a success. Attendance was so large that 
the overflow jammed the Pennsylvania 
Hotel mezzanine balcony and forced 
moving from the assigned “parlor” to 
a fortunately-vacant banquet room. In- 
terest had been intensified by rumor 
that the six papers would not be pub- 


lished anywhere. Basis of rumor may 
have been decision that they would 
not be printed in A.S.M.E. publications. 
All six are here printed in full. 

Of the other papers (pages 19-58 
incl.) two are printed in full, seven as 
“extended abstracts” with illustrations, 
all others in brief abstract form. 


nstrument Piping, Tubingand Fittings During Wartime 


By RALPH D. WEBB, Head, Instrument Department, Carbide & Carbon Chemicals Corp., South Charleston, W. Va. 


e ATHER than have me try to tell you how to meet the 
material shortages which have affected instrument 
piping and fittings, let me discuss what my organi- 


sation did to meet war conditions on the construction of its 


art of the synthetic rubber program. Even in 1940, before 
e inauguration of this program, we had begun to feel 
ese shortages and in 1941 we were gathering data, chang- 
g specifications and testing various hook-ups. This work 
rystallized and the blueprints showing the meter by-pass 
sembly construction we devised were completed at a most 
pportune time: they were dated December 8, 1941. As you 
mow, this was on Monday and on the following Saturday 
e first instrument engineering work on the “butadiene 
rom alcohol” plant began. This gave us a pretty good start. 
With us, the basic instrument is the differential-pressure 
age. As a recorder it is the orifice meter; with a control 


[}-—~—— Vent Valves 1 
4 





Pipe to 
Manometer Chamber 


Materials List 





1/4" meter valve 5 

y 
f\ Tubing adapter 2 
1/4" forged elbows 2 

Tubin 

proman B 1/4" forged tee 5 
1/4" vent valves 2 
1/4" steel unions 4 
1/4" steel nipples 16 
< Tubing to orifice Total forged fittings 16 





echanism it becomes the flow controller which is so neces- 
ary to steady operation. It is used to indicate, record and 


ontrol liquid level, pressure drop, liquid specific gravity, 


nd pressures within a pound or two of atmospheric. 

Each of these instruments requires a by-pass assembly 
t its manometer, and a pair of pressure leads from the by- 
ass assembly to the orifice or to the vessel where the pres- 
re differential is being measured. 

Fig. 1 diagrammatically shows our pre-war by-pass as- 
embly which consisted of five forged steel valves, four steel 
ions, and a considerable number of forged steel tees and 


FULL TEXT of paper presented at Annual Meeting of A.S.M.E., 


New York, Nov. 28-Dec. 8, 1943, under auspices of Industrial 


Struments and Regulators Division. 


ells. It represents the culmination of years: ample unions 
for easy assembly or for removal for manometer inspection, 
the five-valve by-pass, and forged steel fittings for strength. 

We were able to work this over and reduce the number 
of valves from five to three, reduce the tees and ells to two 
and eliminate all unions. Fig. 2 will show you how this final 
assembly looked. 

Note that we resorted to welded tees and that the unions 
were replaced by tubing fittings. A high percent of our dif- 
ferential-pressure instruments being of the mercury man- 


















4 Fig 
4 
To manoneter 
chambers 
7 welded tees 

: Materials List 
1/4" meter valves 3 
Steel tubing adapters 6 
1/4" forged elbows 2 
3/8" 0.D. 1/4" welded pipe tees 2 
asi bar Sa “ar Total forged fittings 5 





ometer type, we deemed it essential to use steel fittings and 
steel tubing to prevent the possibility of mercury amalga- 
mation and consequent destruction of our fittings. Several 
brands of steel fittings were on the market but were diffi- 
cult to procure; consequently, we bought the necessary 
equipment and had a sub-constractor make the standard 
SAE 45° flared fitting for us, using a mild steel hex stock 
afterward Parkerized for better corrosion resistance. The 
steel tubing employed was the same we used on the leads, 
the handling of which I will cover later. 

The decision to go to the three-valve by-pass- assembly 
was a hard one for us to make. For twenty years we had 
been using the Fig. 1 five-valve by-pass: two shut-off valves 
on the leads, two block valves and a bleeder between on the 
by-pass. We had worked extensively with meter valve manu- 
facturers and had found several valves that could be trusted 
to give tight shut-off. The need to save critical forged pieces 
justified our taking this chance of a leaking by-pass. 

It usually is desirable to incorporate in the by-pass as- 
sembly a means of releasing pressure. We felt that the 
ease with which one of the flared joints could be broken 
would permit its being used for pressure release, or, in the 
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Old Std. New Std. Diff. x 1500 








Meter Valves 5 3 2 

Forged Elbows 2 2 0 0 
Forged Tees 5 0 5 7500 
Vent Val ves 2 0 2 3000 
Steel Unions 4 0 L 6000 
Tubing Adaptors 2 6 -4 -6000 
Welded Tees ie) 2 -2 =3000 





16,500 


Fig. 3. Net saving of 11 « 1500 == 16,500 forgings. 


Total Forgings 16 5 11 


case of liquid-filled leads, for venting air 
bubbles from the high spot. This has proved 
practical in operation. 

Fig. 8 tabulates the materials used in the 
old and new and shows the savings involved 
in the 1500 assemblies in use. 

Fig. 4, a photograph of these two assem- 
blies, gives an idea of their appearance. 

For instrument leads we had previously used heavy- 
walled copper tubing, that is, a tubing with walls about 
0.06” thick. For dry leads we had used the %” O.D. size and 
for wet leads the 4%” O.D. We checked carefully over manu- 
facturing data sheets and then assured ourselves by actu- 
ally testing the tubing fastened between flared fittings. We 
found that there was an adequate safety margin if we 
dropped this wall thickness from 0.06” to 0.03”, which 
change roughly cut our poundage in half. 

Then, under the stimulus of copper conservation, we ran 
tests on steel tubing. We found that we were able to get not 
only plain carbon steel tubing but also tubing classed as 
tin-plated. Exposure tests conducted on the roof of our In- 
strument Department buildings revealed that both the tin- 
plated and the unplated tubing became deeply pitted after 
two months’ exposure to our chemical plant atmosphere, 
forbidding the possibility of using this tubing out-of-doors. 
We did feel, however, quite justified in calling for its use 
indoors although doing so did not save such a tremendous 
amount of copper, because our plants are built with prac- 
tically all equipment outside excepting instruments and 
compressors: only about 30% of the instrument leads in- 
doors. 

For the air connections between controllers and valves 
we had formerly used the same heavy-walled %” O.D. cop- 
per tubing, the justification for this having been somewhat 
as follows: Only two sizes of tubing and fittings were 
necessary, the bulk of which was %%” size; and many of our 
air connections were relatively long. These conditions led 
us to believe that the “4%” size was undesirable. By using 
the heavy-walled tubing we did not have to worry about the 
light tubing being installed on the high-pressure leads. War 
necessity led us to run some tests to assure ourselves as to 
the adequacy of its size, after which we adopted the 4” 
O0.D. tubing for all instrument air connections. We started 
at the air header at the panel board and used it to the in- 
strument and from the instrument to the valve. Also, we 
went from the air header to the valve positioner, but, in 
most cases, this header was out in the structure and so was 
rather short. In a few exceptional cases, involving large 
valves which required fast movement, we deviated from 
this last procedure but these cases were so few that we 
permitted them to go in with the 4%” tubing and made the 
changes later when the small tubing proved inadequate. 
Again we used steel tubing inside and copper tubing out- 
side and, of course, used quite thin walls. 

I might remark that the steel tubing we used on this in- 
strument air service had a light copper plating on the in- 
side and we have found little tendency for this tubing to 
rust and produce iron oxide dust. 

The fittings we used on the 4” instrument air tubing 
were of the compression type; that is, the type with the 
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Fig. 4. The old five-valvye assembly and the new three-valve assembly. 
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small brass sleeve, or ferrule, such as is used on the gay 
line lines of our automobiles. This fitting was adoptg 
mainly because of its light weight which meant a |p 
poundage of brass. Moreover, it is faster to use than is th 
flared type. As no flaring is required you may wonder wy 
we did not use this same type of fitting for our pressuy 
leads, but we felt that it was inferior in regard to tigh™ 
ness under high pressures and also we did not want to w 
the brass sleeve close to the mercury in the manometen 
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We are quite proud of the fact—and I think it will » doer 
terest you to know—that at the Butadiene and Styrem alve 
Plant we built at Institute, West Virginia, our change i gen 
standards in instrument piping alone resulted in the sar. ation 


ing of about thirty tons of copper. 

The problem of flaring steel tubing is a tougher one tha 
that of flaring soft copper tubing. When we first gave sted 
tubing to our fitters they fumbled with it for several day 
and were positive in their reports that it could not Wm 
flared. We were attempting two types of flares, one « 
which consisted in the conventional method of merely oper 
ing up the end of the tube by means of a conically shape 
plug. It did not quite solve the problem. The other type did 
It employs a two-step system which is illustrated in Fig.ift 
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The first step consists in placing a small piece (a) on Oy 
end of the conical plug and merely bulging the tube out 
shown. The screw is then backed off, the piece removed, a] 
the flaring completed as shown on the right. Note that 0% 
tube is not stressed at its cut end: we found that our pep 
cent of splits was extremely low by this method whereif 
by the conventional method which did not fold back "% 



















ORE 


ly. 


m the gay 
7as adopted 
eant a lo 
than is th 
wonder why 
ur pressur 
rd to tight 
want to w 
nanometen, 
it will ip 
nd Styrey 
r change it 
in the say. 


er one tha 
t gave sted 
everal day 
uld not bk 
res, one 0 
erely oper 
ally shapel 
ar type did 


1 in Fig. i 


Fig. 5 & 


I 
} 


—Y 


a) on t 
ube out # 
noved, al 
e that B 
t our pe 
| wheres 
back tie 


petal, the tube split more than half the time. Incidentally, 
e little special piece (a) was developed by one of my fit- 
srs and I understand that he has applied for a patent on 
We found this flare very strong and, when used in the 
eel fittings, it gave us very little trouble from leakage. 
We did not use this type of flare with the copper tubing 


ls it seemed unnecessary and, of course, was slower to make 


an was the simple flare. 


The air distribution headers, which ran behind the panel 
boards and also out through the valves for positioner air 
supply, were changed from the old standard of brass pipe 
and fittings to galvanized. 

All of these conservation measures have proved satisfac- 
tory in practice. The first unit started producing butadiene 
almost a year ago and today all the units are going at bet- 
ter than rated capacity. 


Minimizing Instrument Maintenance in Designing 
Aviation Gasoline Plants 


By DONALD J. BERGMAN and G. G. GALLAGHER, Universal Oil Products Co., Chicago, Ill. 


UCCESSFUL operation of the varidus processes used 
' for production of the components of modern aviation 

gasoline depends in every case upon the accuracy and 
liability of indicating and recording instruments and 
tomatic control actuated from such equipment. 
The following comments are based largely upon the en- 
ineering developed for instrumentation of a number of 
rojects in the aviation gasoline program in this country. 

























QUALIFICATIONS OF PERSONNEL 


In order to minimize the amount of labor spent in main- 
ining instruments and controls, the instrument man must, 
course, know the details of the instruments on which he 
working. Furthermore, he must know certain phases of 
he fundamentals and details of the various new processes 
which the instruments are installed in order to appre- 
ate the problems of an instrument and enable him to 
alyze the source of trouble in a complex control hookup. 
general this calls for an instrument man of higher quali- 
ations than commonly required in the past. To meet this 
pbndition it is necessary to conduct schools for the joint 
aining of new operators and instrument personnel. Ad- 
pntage should also be taken of the schools maintained by 
strument manufacturers, usually at their factory head- 
barters, for further specialized training of instrument 
en. This is especially nécessary in view of many new 
pes of instruments being installed and developed, such as 
ctronic type potentiometers, aneroid type flow meters, 
bectrographic analysis, etc. 


GENERAL CONSIDERATIONS 


In designing the processes, a special effort was made to 
abilize each system as much as possible by the use of flow 
ntrol, with adequate surge capacity between elements of 
e process where liquid level control was necessary. Such 
abilization, by maintaining smooth operation and minimiz- 
g cycling, cuts down instrument maintenance. 


An important factor in minimizing maintenance is the 

andardization of types of instruments and types and sizes 
control valves, pressure gages, etc. This accomplishes 

yo highly desirable results: 

1. Reduction of necessary spare parts. 


: Reduction in the amount of training required for instrument 
Bintenance men, 


Equally important are a number of other features which 
e often given little consideration, such as the following: 


1. Provision of a well designed and engineered cleaning and 
ydrating system on the instrument air supply. Elimination of 
ezing and plugging of pilot valves and air lines, especially 
ring winter weather, should cut the average plant instrument 
intenance by at least 50%. 

. Accessibility of instruments and control valves. An acces- 
le instrument will be quickly corrected, whereas one poorly 
ated may be left for the morrow. 

3. Provision of cooling fins on hot control valve bonnets will 
uce packing troubles. 

- Valve positioners contribute materially to smooth control 
ere sticking is encountered. Valve sticking is often erroneously 
med on the control instrument. 


vi 


, ee TEXT of paper presented at Annual Meeting of A.S.M.E., 
ork, Nov. 28-Dec. 3, 1943, under auspices of Industrial In- 
ments and Regulators Division. 


NEW PROBLEMS 

Hydrogen Fluoride Alkylation—Some of the processes 
used in the various aviation gasoline projects have brought 
new problems for the instrument maintenance man. The 
hydrogen fluoride alkylation process required development 
of a new technique for handling anhydrous HF and mix- 
tures of acid and hydrocarbons at pressures and tempera- 
tures generally outside of those used in the previous 
handling of HF. 

In view of the toxicity of HF and the corrosion products 
which cause sticking of close-fitted moving parts, it was 
decided that instruments should be bottle-tight and that 
pressure-tight bearings would be unsuitable. Accordingly, 
torsion tube transmissions were selected for flow and liquid 
level instruments. After such preliminary selections various 
types of valves, instruments, etc., were tested under con- 
ditions simulating actual service to prove stability. Wher- 
ever possible standard equipment was used to keep from 
interfering with manufacturers’ production schedules. 

In plant operation, knowledge and control of liquid levels 
is highly important. Since gage glasses are not usable in 
the presence of HF, displacement type float and differential 
type instruments have been provided to check each other. 
In field operation it has been found that the use of needle 
valve try-cocks, with proper precautions, is not as hazard- 
ous as at first believed. Observation of the material issuing 
from the try-cock distinguishes sharply between gas, hydro- 
carbon, and HF. This serves as a valuable occasional visual 
check on the instruments. 

It is difficult and hazardous to pack control valves to 
hold HF and, since suitable packless control valves have 
not been available, a hydrocarbon purge system has been 
employed in conjunction with slightly modified standard 
valves using a lantern gland. The packing, therefore, does 
not come in contact with the acid. 

Control valve material specifications play an important 
part. Monel or 18-8 stems, plugs and guide bushings min- 
imize valve sticking. Carbon steel is fairly satisfactory 
where adequate clearance is provided, but the 14 chrome 
stainless steels commonly used as a standard oil-refinery 
service trim are unsatisfactory because of excessive cor- 
rosion and sticking. : 

In order to reduce hazard and maintenance problems, an 
exhaust system was provided which can be connected at con- 
venient points to evacuate lines before breaking into them. 


Isomerization.—Isomerization plants using combinations 
of aluminum chloride, HCl and hydrocarbons present a 
series of problems to the instrument maintenance man com- 
parable to those in HF alkylation plants in connection with 
sticking and corrosion. Provisions similar to those in the 
alkylation plants are being used to minimize difficulties. 


Fluid Catalytic Cracking Units.—In the fluid catalytic 
units, the principal problem was the measurement of pres- 
sure, flow and level of mixtures of catalyst dust with oil, 
oil vapors, air or gas. Purge connections between instru- 
ments and connecting taps through which a small stream 
of air or oil will flow to prevent catalyst from being carried 
into the instrument lines are used extensiveiy. Measure- 
ments of flow in large lines where pressure drop would be 
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undesirable are made by the use of air speed nozzles simi- 
lar to those used on aeroplanes. 


WARTIME CONDITIONS AFFECTING MAINTENANCE 


In the early days of the aviation gasoline program, or- 
ders by the War Production Board for the conservation of 
critical materials, especially chromium and nickel, limited 
the use of these materials as trim in control valves, safety 
valves, etc., except under special conditions. As oil-refinery 
standards had generally been set up using stainless steels 
as standard trim, this necessitated making a given type 
valve with several alternate trims. This cut down on stand- 
ardization and contributed to extended deliveries. 

More recent orders relaxing the earlier requirements have 
recognized the fact that production is more important than 
conservation of the small amounts of critical material re- 
quired for trim. However, many valves with substituted 
trims have been delivered on the jobs and will no doubt 
require replacement of the valve or trim in less time than 
would have been necessary had it been possible to follow 
the usual specifications. 

Standardization of pressure gages at the order of the 
War Production Board has reduced the number of types 





































available, minimizing spares required. An overall deere, 
in maintenance should result where a better class gage j 
used in a wider range of services. 

Recommendations by PAW to use manually-operable op 
trol valves to eliminate the use of full by-passes and bly 
will have a far-reaching effect on plant operation » 
maintenance. These recommendations were adopted wid 
by industry, in order to assist in reducing the overload, 
valve manufacturers. It is probable that within a reag, 
ably short period of operation many such contro! yalyg 
will be fully fitted with by-passes after shutdowns cays 
by packing or stem failures have been encountered. 

Preferred instrument and valve suppliers were over|oaj 
ed with orders, due to the wartime demand, hence it y 
necessary through governmental directives to distribute 4 
demand sufficiently to make use of available capacities ; 
other companies. This has resulted in some lack of stay 
ardization. 

The burden on a limited instrument maintenance 4 
partment can be eut down by consideration of the foregoiyg 
points during design and construction of new plants y 
weil as by the provision of adequate spares and a proper 
trained personnel. : 


Problems in Obtaining Personnel in the Wartime 
Operation of an Instrument Department 


By G. P. BOSOMWORTH, Head, Instrument Division, Firestone Tire & Rubber Co., Akron, Ohio 


HE present type of warfare demands a considerable 

amount of mechanical knowledge from the personnel 

of the Armed Forces. In particular, the use of instru- 
ments has created a demand for men trained in their serv- 
icing and operation. It is, therefore, becoming to some ex- 
tent a tug-of-war between the Armed Forces and industry 
to obtain experienced instrument men. Naturally, both have 
had to inaugurate training courses designed to provide the 
necessary skilled help. 

The rapid expansion of industrial plants, and the creation 
of new plants for new products have further complicated 
the personnel problem. 

In pre-war days the sources of instrument mechanics 
were generally other skilled trades, particularly pipe-fitters, 
stationary engineers and tool-makers. Today, men with this 
background are not available. The rubber industry was no 
exception with regard to the scarcity of skilled help for 
instrument service. It became evident in the early part of 
1942 that a program would be required which would fur- 
nish men to supplement those engaged in this type of work. 
An investigation of the possibility of employing women in 
instrument calibration, repair and maintenance was begun, 
together with a revision in what we considered the mini- 
mum requirements in knowledge or experience necessary 
before either a man or a woman could be accepted for this 
type of work. 

The men available for this training had to be selected 
from unskilled labor or unrelated trades, such as: 

Production workers 

Typewriter repairmen 

Musical instrument repairmen 

Laborers 

Watchmakers 

Automobile mechanics 

Plumbers’ helpers 

Salesmen 

Service men for stokers 

Domestic refrigerator service men 

Timekeepers 
Utility meter readers 
Railroad brakemen 


The training period lasted for six weeks, during which 
time the employee attended a class for four hours, and 


FULL TEXT of paper presented at Annual Meeting of A.S.M.E., 
New York, Nov. 28-Dec. 3, 1943, under auspices of Industrial In- 
struments and Regulators Division. 
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worked in the factory with an experienced man for ty 
other four hours. A collection of representative instrument 
cycle controllers and valves was gathered and set upi 
such a way that calibration, operation and trouble shod 
ing could be demonstrated. It was found necessary, in mod 
cases, to teach these men the names of pipe and coppq 
tube fittings. The training included rules on safety, a 
throughout emphasized the thought that maintenance shoul 
not be a policy of temporary expedience, 

Facts on the available factory services and pressures, ¢ 
other characteristics, were given. The trainee was instruct 
in the method of approach to a problem in maintenan 
so that he did not over-extend his limited knowledge by ti 
hunt-and-peck system of trouble-shooting. It is realized, d 
course, that the training of any instrument man to hanij 
any of the normal situations which arise in such wal 
requires two or three years and that to condense this im 
a short period of a few weeks is impossible. However, | 





was believed that with a nucleus of experienced men, tm 


situation could be met in large part. There was available) 
limited number of men who had been hired before Deca 
ber 1941, who were learning the trade in the normal ma 
ner, and we relied on these men as a further support i 
the operation of the Instrument Division. It was fowl 
that 50% of the men hired as trainees were both desir 
of continuing in the work and able to make progress} 
acquiring the necessary knowledge. About 15% of & 
trainees hired have been able to extend their knowleds 


in a period of 15 months, to cover the complete instrumay 


tation in some of the newer plants. These men cal 
classified as experienced. By an experienced instrumé 





man is meant one who not only understands the insti 
ments but also understands the processes on which t 





are used. 

Further expansion of manufacturing facilities created 
increasing need for new personnel. This was accentua™ 
by the further demands of the Armed Forces, who fou 
it necessary to take some of the newly trained men. 
was then decided that women would be hired for train 





in some phases of instrumentation. Changing recording & 
Watem 


strument charts is handled in part by women. 
makers engaged in precision instrument work were 44 
mented by the training of women. The calibration of p™ 
sure gages and temperature recorders, and repair of 
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micrometers, were taken over in a large degree by female 
help. As these women obtained skill in the use of instru- 
ments and small tools, it was found possible to train them 
in the repair and reconditioning of cycle controllers, dial 
micrometers, thickness gages and time clocks. 


The selection of female help was made from: 


Grocery clerks 

Punch press operators 

Dairy Laboratory assistants 

Department store clerks 

Recent high school graduates with no experience 


With the rearrangement of some of the work in the de- 
partment, providing special jobs for those with limited 
knowledge and experience, with the use of women for 


some of the jobs requiring manipulative skill, with the 
spreading of the skilled help among the unskilled, it has 
been possible to operate without too many objections from 
the departments depending upon the services of the Instru- 
ment Division. 

From our experience to date, it would seem that the 
training period for instrument work can be speeded up 
only if we limit the scope or the range of work required 
from a trainee of the instrument personnel. 

We planned our training program to meet the exigencies 
of the emergency. While many new angles and possibilities 
have come to light, we believe that the condensed training 
period would not be advisable as a substitute for the nor- 
mal course in peace-time conditions. 


Training Instrument Men for the Government 
Magnesium and Styrene Plants 


By ROBERT W. CERMAK, Instrument Engineer, The Dow Chemical Co., Midland, Mich. 


with the necessity of procuring and training men to act 

in a supervisory capacity over instrument departments 
at the several government-sponsored magnesium and 
styrene plants projected at that time. 

Magnesium is much in demand for aircraft castings, 
forgings, extruded shapes and incendiaries. New plants for 
additional production were being designed for Velasco, 


i early 1942, The Dow Chemical Company was faced 


» Texas, and Ludington and Marysville, Michigan. 


Styrene, on the other hand, is one of the two major 
components which are used in the manufacture of “Buna 
S” synthetic rubber. Plants for additional styrene capacity 
were being designed for Torrance, near Los Angeles, Cali- 
fornia; Velasco, Texas, adjacent to the magnesium plant 
previously mentioned; with a third plant for the Canadian 
government at Sarnia, Ontario, 

Since the processes used in both the magnesium and 
styrene plants were essentially continuous, it follows that 
a large number of automatic control instruments were 
incorporated in their design, to facilitate operation, keep 
operating personnel at a minimum and to insure correct 
specifications for the final product. As far as possible 
standard types of instruments were used, but in several 
cases at least, it was necessary to use special instruments 
and controls, previously developed by Dow for similar 
plants at Midland. Because of the number and complexity 
of the instruments and the close interconnection between 
instruments and proper plant operation, it was felt that 
technically trained personnel for the instrument depart- 


ments was practically a necessity, particularly in view of 
the relatively short time available for training this per- 
sonnel. Also, because of the size of several of the plants, 


it was felt that two technical men should be used instead 


of one. In these cases we tried to choose men whose train- 
ing would supplement one another—a good combination for 


these plants we felt would be to have one man a mechanical 


or electrical engineer and the other a chemical engineer. 
At the same time a spirit of competition would exist and 
at some later date the more outstanding of the two men 
could be chosen to supervise the department. 


For those plants where only one technical man was 


necessary, we were desirous of obtaining a man who had 
taken an engineering physics course or a course combining 
Physics and electricity along with a reasonable amount of 
mathematics and chemistry; who had had some actual shop 


experience with ability to do drafting and some design work. 
_Also, as far as possible, we were looking for the inven- 
ive and ingenious type of individual, having the ability to 


do things with his hands whether it be to build some 
material object or shoot trouble on an electrical circuit. 
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The majority of men were selected by our technical per- 
sonnel director after interviews with graduates at their 
respective colleges or universities — usually arranged 
through the college placement bureau. In other cases inter- 
views were arranged with promising students on the recom- 
mendation of the department heads. Permanent record 
cards were usually examined beforehand to obtain infor- 
mation concerning subjects and scholastic standing. 

However, not all our men were acquired in this manner. 
In one case, at least, an employee of a mid-western com- 
pany, having read of our projected plants, contacted us 
requesting additional information. His application appeared 
sufficiently promising that an interview was arranged and 
the man subsequently hired. Previous flowmeter training 
which this man had had, plus his industrial experience, 
gave him considerable advantage over the rest of the 
trainee group. Two of our plants were located in Texas and, 
since we were quite aware of the motto “Texas for the 
Texans,” men for the several plants were chosen, as far as 
practicable, from the section or locality in which the 
plants were being built. In this way, no great change in 
environment would be necessitated, except for the training 
period at Midland, and the men would be more satisfied 
and we felt more permanent in their new positions. 

As a final confirmation, each man was interviewed on his 
arrival in Midland by the head of the Process Instrument 
Department, before a definite training course was assigned. 
However, our initial selection had been sufficiently careful 
that no changes were indicated at this point. 

The acquaint the new men thoroughly with such things 
as shop methods and practice, shop organization, the han- 
dling of men, employer-employee relations, laboratory an- 
alysis, pilot plant operation and general plant maintenance, 
all men were put through a general training course which 
covered approximately sixteen weeks. This also gave us the 
opportunity to watch the men under actual working con- 
ditions and to obtain first-hand opinions of the supervisors 
under whom they worked. It was thus possible to spot a 
man’s so-called “weak points” and to concentrate on them 
in order to turn out a well-rounded individual. 

To this end, each of the trainees spent time in the Pipe, 
Boiler and Machine Shops; the Main and Physical Re- 
search Laboratories; and the Instrument Department. At 
the conclusion of each of the training periods, the student 
was required to hand in a written report which in some 
cases consisted of answers to a prescribed list of questions 
and in others of a fairly detailed write-up of the work 
done by him in that department. This report was carefully 
corrected and graded by the training supervisor who also 
graded the man on his character and ability. This infor- 
mation was forwarded to the Personnel Department for 
their permanent records. 

The program herein outlined is an adaptation of a 
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general student training course sponsored several years ago 
at Midland and which has been given either completely or 
in a modified form to all technical personnel hired since 
that time. The original program included a three-week 
period in the Instrument Department which was of neces- 
sity greatly increased since we were now interested in 
training instrument men. 

Let us now take up the training in each of the depart- 
ments in detail. 

In the Pipe Shop each trainee spent some time with the 
shop superintendent learning the organization of the de- 
partment, the classes of work encountered and how jobs of 
various types are handled. Several days were spent in the 
pipe stockroom to acquaint the student thoroughly with the 
various types of valves, pipe and fittings used in the plant. 
A week was spent in the shop proper where the trainee 
assisted the shop foreman and gained experience in han- 
dling men and the operation of shop equipment such as 
bending, threading and nipple machines and the various 
types of welding equipment. 

To gain field experience, the man was next assigned to 
a fitter with whom he spent two weeks as a helper. 

Training in the boiler shop was somewhat limited and 
consisted primarily of a study of gas and arc welding of 
steel and some of the more common alloys both in the shop 
and in the field. Additional experience was gained by assist- 
ing in the repair and retubing of one or more heat ex- 
changers. 

Two weeks’ time was spent by the trainees in the 
Machine Shop. The first week of this period was spent as 
a machinist’s helper doing field repair of various types of 
pumps, compressors and similar equipment. The first half 
of the second week was spent doing bench repair work in 
the shop. This usually consisted in helping disassemble and 
completely overhaul a centrifugal pump. The student was 
also required to prepare and to rebabbitt one or more bear- 
ings. The second half of the week was spent doing minor 
machine jobs on the lathe, drill-press or shaper. 

In the Main Laboratory, the student became familiar 
with the various methods of control analysis commonly 
used in the particular plant to which he would be assigned. 
Actual plant control samples were given to the student for 
analysis and report. One or more complete distillations and 
gas analyses were made by the trainee to acquaint him 
thoroughly with the methods and equipment used in doing 
this type of control work. 

At the time the training course was in progress, the 
Physical Research Laboratory was working on several 
minor improvements which it was felt would be advan- 
tageous to incorporate in the plants then under design. 
To insure that there would be no so-called “bugs,” pilot 
plants had been set up in which these improvements could 
be tested under actual operating conditions. Since all major 
instruments and controls had been incorporated in these 
pilot plants, the trainees, while testing the new develop- 
ments, obtained more first-hand information on the inter- 
connection of instruments and process than could have been 
received any other way. The usual continuous chemical pro- 
cess presents an overwhelming array of stills, columns, 
heat exchangers and pumps with interconnecting piping 
which is almost hopeless to trace. Here was an operating 
plant in all its essentials in which one could readily study 
the effects of one control upon another and also upon the 
whole process in general. Each of the trainees spent 
approximately three weeks operating and studying these 
plants. 

The remaining three weeks in the Physical Research 
Laboratory were divided between the electrometric labor- 
atory and the laboratory drafting room. 

In the electrometric laboratory, the trainees became 
familiar with the more highly specialized methods of chemi- 
cal analysis such as electrometric titrations, polarographic 
analysis and electrical conductivity measurements. Instruc- 
tion was also given on maintenance and servicing of several 
special instruments and controls which had been developed 
by this laboratory group primarily for these particular 
plants. 
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During the period in the drafting room, the student 
plotted graphs and made sketches for reports and workej 
on some current design problem, preferably one dealing 
with some new instrument or automatic control develop. 
ment. 

At the completion of this preliminary training, the st. 
dents were transferred to the Process Instrument Depar. 
ment and the remainder of the instruction was given cithe 
in this department or under its supervision. 

Trainees were usually started on the gage repair benc) 
where they repaired and recalibrated several pressuy 
gages. From this the students graduated to the checking ¢ 
recording thermometers, to the manufacture of therm. 
couples and finally to doing minor repairs and calibratio, 
of instruments brought into the shop. 

To obtain first-hand experience on maintenance and }. 
pair of instruments in the field, the trainee was placed a; 
a helper under the supervision of a maintenance route may, 
His work in this capacity was quite varied: it might cop. 
sist in replacing a thermocouple or lead wire, replacing ; 
filter or air reducer, assist in making major mechanical ¢ 
electrical repairs to a recording potentiometer, flow cop. 
troller, or the safety equipment on some gas-fired heating 
oven. Much of the student’s instruction was obtained either 
by actually working with some particular instrument, verb. 
ally from the shop or field foreman or from the man for 
whom he was working. This instruction was supplemente 
by the department files which yielded catalogs, wiring dis. 
grams and instruction bulletins for the more complicated 
systems, 

The students’ training seldom followed a prescribed course 
The men were shifted from job to job in order to round 
out their experience as much as possible, The trainees a; 
a whole assimilated information quickly enough so that in 
a relatively short time they could be depended on to d 
minor jobs alone, such as the installation of a recording 
thermometer or simple controller or the handling of 
service call. 

Instrument installation on construction jobs at Midland 
is handled somewhat differently from that in most other 
companies. Actual installation of instruments in a new 
plant, including setting up of the panel boards, mounting 
of instruments and the running of electrical conduits and 
piping and all testing, are done by an outside contractor. 
However, all work is supervised by and subject to the ap- 
proval of the Instrument Department, which upon comple. 
tion of construction prepares the instruments and controls 
for service and assists the operating personnel in placing 
the plant in operation. 

We were extremely fortunate at this time in having 
under construction plants for additional styrene production 
capacity at Midland. This afforded the students an excel 
lent opportunity to follow the actual construction of 4 
plant from start to finish and gave them training which 
was extremely valuable later on when they were called 
upon to supervise instrument installation in the gover? 
ment plants. 


Advantage at this time was also taken of the training 
courses offered by three of the instrument companies. Each f 
of the courses covered a period of one week and include f 
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lectures on specific types of instruments with practical 4] 


instruction on their maintenance and repair. The lectures Ff 
were supplemented with demonstrations of actual instru ff 
ments with which the students became familiar by being F 
permitted to make adjustments and repairs. Instruction § 
was also given the students in flow measurement (including FF 
orifice plate calculations), pyrometry, control valve desig! & 


and the fundamentals of automatic control. 


When the trainee group returned from their eastern trip 7 


the Midland plants were rapidly nearing completion an 
were soon ready to have the instruments prepared fo 
service. 


This work was done entirely by the students under the ; 


supervision of an experienced instrument man. 


During the starting-up period, the students were placel F 


on shifts in order to have one or more instrument men ff 


duty at all times. Experienced men, however, were on call ; 








1€ Students fhould an extremely unusual condition arise. The plants as 
ind worke {, whole started up with no more than the usual amount of 













ne dealing difficulty and with a minimum of assistance from the regu- 
ol develop. ar instrument department personnel. 

By the time the Midland plants were operating smoothly, 
8, the sty. Meeveral of the government plants were far enough along in 
nt Depart onstruction to require supervision of instrument installa- 


‘iven cither Mion. The instrument men for these new government plants 
vere transferred immediately to their permanent locations. 
The remainder of the trainee group occupied their time 
by brushing up on certain phases of instrument work 
vhich were not quite clear, checking over flowsheets and 
blueprints of their respective plants, going over the equip- 
ent, tool and spare parts lists for their departments and 
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CLOSE FRACTIONATION PROBLEM 


In the production of the above materials, it is necessary 
fractionate light hydrocarbons such as butanes, butenes, 
propylenes and ethylene. In producing these components we 
have the problem of fractionating and controlling hydro- 
arbon mixtures with very narrow boiling ranges and, 
herefore, with no appreciable temperature range for a 
particular pressure. During the operation of a recent plant 
t was necessary, to meet the requirements of purity of 
product, to control the pressure at the center of a 60-plate 
ower within 0.1 Ib./in.2 at approximately 30 lbs./in.? gage. 
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n having [prum. A level controller was installed on the reflux drum 
roduction #eontrolling the rate of reflux to the tower. With this system 
an excel: he temperature at the center of the tower is being con- 
jon of 4 olled indirectly by the rate of withdrawal from the unit. 
ng which fhe tower pressure controller operated a control valve on 
re called e water outlet of the overhead condenser. The pressure 
2 gover fenstruments which were available incorporated pressure- 
esponsive elements having a guaranteed accuracy of 0.5% 
training f their range and with a sensitivity somewhat better than 
ies. Each Bane accuracy but still not approaching the requirements. It 
included #2" be seen that the commercial instruments available 
practical ould not be suitable for the sensitivity and accuracy of 
- lectures ressure desired and, therefore, it became necessary to 
1 instru Paotain instruments of a special nature. In the above case, 
by being instrument using the pneumatic null balance system was 
struction Pagetained with a 10-lb. range, suppressed for the operating 
including Papéessure. After the initial adjustments were made to the 
re design Pmmystem, pressure records and product tests indicated the 
ontrol was within 0.025 lbs. With the pressure controlled 
tern trip vithin such close limits the remainder of the controls on 
tion ani paee Unit operated very satisfactorily. 
ared for Since the operation of this pressure controller was the 
itical point in the successful operation of the plant, ex- 
nder the eme care was taken in its installation and maintenance, 
md it was somewhat babied along until the desired char- 
“e placed ter of operation was obtained. It became apparent in this 
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checking on instrument deliveries. One group prepared the 
majority of their permanent instrument records before they 
left Midland while another made up detail drawings show- 
ing the instrument piping behind each of the panel boards 
with the location and method of supporting each of the 
instrument lines from the panel board to its connection 
into the process piping. 

It has been my good fortune to assist in starting up 
several of the government plants and in each case I have 
found that the training of the instrument department per- 
sonnel has been adequate to provide the necessary instru- 
mentation to allow plant operation at or above design 
capacity and to produce a finished product meeting govern- 
ment specifications. 


Some Experiences in Putting Recent Process Units 
Into Operation 


By H. F. MOORE and W. C. LUDI, General Engineering Dept., Standard Oil Development Co., Elizabeth, N. J. 


installation that its instrument air must be free of dirt, 
oil and moisture. On this unit it was demonstrated on sev- 
eral occasions that hand control of any important process 
variable produced totally unsatisfactory results and, as a 
consequence, all major control instruments must function 
for satisfactory unit operation. 


REFRIGERATION CONTROL 


In addition to the problems in fractionating light hydro- 
carbons, some processes require large refrigeration sys- 
tems. Many factors enter into the control of such a system, 
the first important factor being the operation of the level 
controllers in the coolers, some of which operate as low as 
—140 to —150°F. It was determined in a recent plant that 
neither the conventional external ball float nor the displacer 
type were suitable, due to excessive boiling in the chamber 
and lower balancing line. In the majority of cases where 
accurate and stable level control was necessary the differen- 
tial type was finally installed. Many methods of installation 
were tried and it was finally determined that the most suit- 
able method was to operate with dry legs on the manometer 
leads. This was accomplished by two methods: first, heating 
of lead lines by steam jacketing or steam tracing; second, 
use of a hot blowback gas, which constitutes the “bubble” 
system. The first method has the disadvantage of adding a 
considerable heat load to the system. 


The second important factor in controlling a refrigera- 
tion system is the suction control of compressors. The ex- 
perience recently obtained has been with gas-engine-driven 
compressors where the suction pressure is controlled by 
varying the speed of the compressors. This in all cases was 
accomplished by the installation of a diaphragm motor to 
vary the spring tension of the compressor governor. Much 
care should be taken in adjusting the diaphragm to the 
governor and to be sure that the governor is functioning 
smoothly and is free. In a recent plant a great deal of trou- 
ble was experienced with suction control and after much 
work the trouble was traced to the poor operation of the 
compressor governors which were of excellent design but 
during construction were left unprotected from the weather 
and had become rusted and filled with dirt. 


TIE-IN OF BATCH EQUIPMENT 


Certain of the newer process units involve the inclusion, 
in a primarily continuous process, of equipment which it- 
self inherently must operate on the batch principle, being 
alternately shifted from “reaction” to “regeneration” or 
vice versa. In tying the batch equipment into the continuous 
process a fairly complex timing mechanism is employed, 
which utilizes cam-thrown switches to actuate the starters 
of motor-operated valves and to check, through alarm con- 
tacts on the valves, to insure proper operation of the valves. 
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The use of cams is feasible for this job only because all 
valve operations occur during a limited time, thus allowing 
the cams to rotate rapidly a full 180° on each “transfer” 
portion of the cycle, and then stop completely during the 
much longer “normal operation” portion of the cycle. For 
this service timing accuracy of one second was desired. 
Four-inch cams and mercury bottle switches were built into 
the timer. It was quickly determined, on starting the proc- 
ess unit, that the one-second accuracy was not obtainable, 
and dependability was poor. By recutting the cams to get 
the fastest possible switch operation it was possible to use 
the timer, but only by allowing more than a desirable time 
tolerance in the alarm and check circuits. With 4” cams it 
was definitely determined that mercury bottle switches 
could not time to one or even two seconds. As changing cam 
size would have meant a completely new timer, the 4” cams 
were retained and the switches changed to the spring-finger 
open-contact type. These allow timing to the one second 
originally stipulated. 


RUBBER PLANT PROBLEM 


In the production of rubber, several difficult problems 
arise. The most interesting is the handling of liquid streams 
containing small rubber-like particles after the reaction has 
taken place. In one particular case where the flow was con- 
trolled, Venturi tubes were used as the measuring element. 
On the lead lines to the manometer a suitable wash-back 
was installed to keep them free of the rubber particles or 
latex. The design of the control valves installed in the 
lines handling the rubber particles in slurry form was 
somewhat special. The valves used were basically the angle 
Venturi type with the plug modified so that it was in the 
form of a cylinder plug, with the side of the plug facing 
upstream tapered off so that the opening dimensions would 
be as large as possible for all port areas, thus allowing the 
particles to pass, instead of being “strained out,” with con- 
sequent plugging. In order to prevent sticking in the guides, 


flushing connections were installed which kept all rubbe 
formation from accumulating at these points. In the many. 
facture of aviation gasoline, similar valves were required 
to handle a slurry of oil and small granular particles, }) 
this case control valves were used in a known troublesom 
service with high-pressure drops and a severe erosion prob. 
lem, to get around the use of more than one pump in the 
slurry service. It would be possible to eliminate the slur 
valves by having a turbine-driven pump in each line anj 
controlling turbine speed, but it was felt that a properly. 
designed valve would require less maintenance than a pum) 
in such a service. 
PERSON NEL SERVICE 


Today more than ever before, trouble is being experience; 
in the refineries due to lack of sufficient trained instrumen; 
personnel. With the sudden increase in construction, it has 
been necessary for the instrument departments of the 1. 
fineries to spread their better instrument men over a wide 
area, thereby reducing their effectiveness. Many of the ip. 
strument groups have lost a large number of their first and 
second class men to the Armed Forces, which loss was made 
up with men obtained either from the outside or brought w 
through the ranks. These replacements for the most part 
are untrained and inexperienced in the basic principles of 
instrumentation. Consequently, the instrumentation within 
the plant itself, being greatly expanded, is considerably 
hampered by the inability of the instrument men to cope 
simply with the maintenance of the instruments—to sa, 
nothing of the instrument problems brought on by the new 
process requirements. 

Thus, more than ever before, a good training program 
should be carried on. Without it, the inexperienced and u- 
trained men have to obtain their information by the trial- 
and-error method which is long, expensive, and generally 
unsatisfactory. A good training program can be incorpo- 
rated in an instrument department, and it must have as 4 








STARTING JANUARY I8TH 


IT’S UP TO YOU! 


TARTING January 18th, it’s up to you to lead the 
men and women working in your plant to do them- 
selves proud by helping to put over the 4th War Loan. 
Your Government picks you for this job because you 
are better fitted than anyone else to know what your 
employees can and should do—and you're their natural 
leader. This time, your Government asks your plant to 
meet a definite quota—and to break it, plenty! 
If your plant quota has not yet been set, get in touch now 
with your State Chairman of the War Finance Committee. 
To meet your plant quota, will mean that you will have 
to hold your present Pay-Roll Deduction Plan payments 
at their peak figure—and then get at least an average of one 
EXTRA $100 bond from every worker! 


That’s where your leadership comes in—and the lead- 


' 
ership of every one of your associates, from plant super- 
intendent to foreman! It’s your job to see that yeur fellow 
workers are sold the finest investment in the world. To 
see that they buy their share of tomorrow—of Victory! 

That won't prove difficult, if you organize for it. Set 
up your own campaign right now—and don’t aim for any: 
thing less than a 100% record in those extra $100 bonds: 
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And here’s one last thought. Forget you ever heard of 4 


““10%”" as a measure of a reasonable investment in War F 


Bonds under the Pay-Roll Deduction Plan. Today, thou- 


sands of families that formerly depended upon a single F 
wage earner now enjoy the earnings of several. In such 


cases, 10% or 15% represents but a paltry fraction of an 
investment which should reach 25%, 50%, or more! 
Now then—Up and At Them! 


Keep Backing the Attack!-WITH WAR BONDS 


This advertisement prepared under the auspices of thé United States Treasury Department and the War Advertising Council 
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undation certain basic principles. The first principle to 






all ri 

| the dee "Btablish is to see that the trainee has an opportunity to 
re required under good supervision, on equipment set aside for 
articles Ty pe PUrPOSE. A common mispractice is to attempt to demon- 


rate on “live” equipment, which has a unit under control. 


r 45 

"aga: second major point, which should need no mention; but 
ump in the gpnich is frequently overlooked, is to organize the material 
the slurry pth the simple maintenance problems and mechanical de- 
h line ang Meus first, then gradually leading up to the control applica- 
1 properly. Me: With most training programs encountered thus far, 
an a pump jee #ms have been set far too high for the newcomer to 
xperienced 

instrument 

lon, it has 

of the re- 


ratus for industrial plants and laboratories have been 


ps. p ESIGNERS and manufacturers of scientific appa- 
e In 
faced with the necessity of finding replacement 


r first and 


was made Materials for those items traditional to the industry which 
rought up ere diverted to channels of armament manufacture. 
most part B In many cases, substitute materials, even when found 
neiples of Bitistactory, had to be supplemented by improved design 
on within nd simplified manufacturing processes, chiefly to reduce 
nsiderably han-hour requirements as labor was siphoned off from in- 
n to cope Biustry to the Armed Services. 
S—to say BY The imperative necessity of training raw and inexperi- 
y the new ced labor has been a further incentive for simplification 
f manufacturing processes. 
pape } Like many others engaged in the complex manufacturing 
"api, rts, the apparatus manufacturer has been required to 
" Binderstand the utilization, application and fabrication of a 
— ost of new raw materials ranging from viscous organic 
lone a lastics to hard-metal alloys. This has been especially true 
‘ or those manufacturers of scientific apparatus who special- 
e in the fields of electrical measuring and control instru- 
———eee MMentation. Manufacturers of automatic control equipment 
pyrometry, fluid flow, pressure, etc., have particularly 
elt the impact of the material dearth and, therefore, have 
een keenly concerned with problems of conversion in mate- 
ials and manufacturing processes. 
It would be impractical in a short discussion of this 
ature to attempt to list the many possible substitute mate- 
ials and processes recently made available. Here are a 
ew examples: 
a. Powder metallurgy 
b. Hard glass jewels for instrument bearings in place of im- 
ported sapphires. 
c. Beryllium copper for springs (eliminating the scarce tin 
it super: phosphor bronzcs) 
) d. Permanent-magnet alloys, especially in the Al - Co - Ni 
ir fellow aren, 
rid. To e. Increased use of mass-production welding processes for 
va _ die-cast aluminum. 
Victory! sheet metal fabrication, replacing scarce sand-cast and 
- it. Set f. Plastic-base corrosion-resistant finishes. 
g. Synthetic plastics with new properties. 
for any: h. Corrosion-resistant alloys with and without magnetic prop- 
) Bonds! erties, using a minimum of scarce strategic materials. 
Materials like these have eased the problems of the 
eard of esign engineer, whose functions are to study substitute 
in War aterials and methods and to evaluate their relative advan- 
y, thou. Fue*8es, to the end that the final product corresponds, in 
taal netion at least, to its corresponding peace-time product. 
oe In the following discussion the author will restrict him- 
[n such FBelf to two random instances of the application of the 
n of an fewer materials and processes: (1) permanent magnets 
nial nd (2) sheet metal fabrication. 


I. THe NEWER MAGNETIC ALLOYS FOR 
PERMANENT-MAGNET MANUFACTURE 


In the apparatus industry, an important use for per- 
anent magnets is to produce a fixed and uniform magnetic 
eld in such measuring instruments as voltmeters, am- 
eters, pyrometers and the like, based upon the designs of 
FULL TEXT of paper presented at Annual Meeting of A.S.M.E.. 


ew York, Nov. 28-Dec. 3. 1943, under auspices of Industrial In- 
‘ruments and Regulators Division. 











the field. Until a reasonable background of experience is 
obtained there is little point to dwelling on the intricacies 
of application engineering. It is important, however, that 
each man be familiar with the operation of the particular 
unit on which he is expected to work. He should be given 
an engineering flow plan and the process described to him 
by flow rather than by the chemical aspects: if he absorbs 
the information given him from such a set of instructions, 
he will be better qualified to know what an instrument is 
expected to do and how it should function with the rest of 
the unit. 


Wartime Material Economy in Instrument Design 


By THEODORE A. COHEN, Chief Engineer, Wheelco Instruments Co., Chicago, Illinois. 


d’Arsonval and Weston. Such an instrument for the 
measurement of minute d-c. voltages and currents is illus- 
trated in Figs. 1, 2 and 3. An armature coil (d), usually 
consisting of a “former” carrying a number of turns of 
insulated copper wire, is swung upon hardened steel pivots 
rotating in jewel bearings (i), usually of sapphire, so that 
the coil itself rotates in an annular magnetic gap (j) in 
which by design there exists an even distribution of mag- 
netic lines of force produced by a permanent magnet (a). 
The two spiral springs (/) not only conduct current to the 
armature coil but produce the forces required to restore 
the instrument to scale zero. Judicious design permits cali- 
brating the scale in terms of current flow through or 
voltage across the armature coil. The system is essentially 























l Fig:2 Fig.3 e 


a limited-travel electric motor in which all the electric 
energy fed into the system produces a turning force which 
can be balanced by the tensioned spiral springs. The torque 
generated by the current flow through the armature is 
given by the primary relationship: 


ITHA 
Torque in g.-cm. = 
9810 
where J = current in amperes 
T = turns 
H = flux 


A = area of average turn 

A moment’s study of this relationship brings out the 
dependence of the torque upon the magnetic lines of force 
in the annular gap—lines of force due to the permanent 
magnetic structure. 

In studying new ferromagnetic alloys, some figure of 
merit must be evolved so that laboratory results may have 
quantitative significance for design purposes. To attain 
such a figure of merit, we select the magnetic character- 


January 1944—Instruments—Page 15 















AGNETIZING 
FORCE 


“Bp 





Bra 
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Fig. 5. Energy Product Curve. 
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Demagnetization Curves for Available Magnetic Materials. 
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Fig. 7. Energy Product Curves. 
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istic which relates the induced magnetism within 4 give, 
ferromagnetic material to the magnetizing force which te 
duces this magnetism. Such a relationship is plotted ;, 
Fig. 4. On the vertical axis we have the induced magnetisn 
in magnetic flux per unit cross-sectional area, while ty 
horizontal axis denotes the magnetomotive force. If » 
initially unmagnetized magnetic material is subjected to, 
gradually increasing magnetic field, the flux density in th 
material gradually increase along a curve such as ( 4 
By,ax- If the exciting magnetomotive force is then gradual} 
reduced to 0, the flux density in the material decreases along 
a curve such as By,, to Bp. This value By is the residy 
flux density or retentivity of the material which has bey 
magnetized. If the magnetomotive force is reversed jy 
direction and gradually increased in value, the flux densit 
in the material is further reduced, reaching zero value wha 
the value of the demagnetizing force is Hy. This value F. 
is referred to as the coercive force. 

Continuing to increase the negative magnetic intensity 
causes the flux density in the material to rise in the oppo 
site direction along the curve H, to —By,,. Completion ¢ 
the test cycle from this final negative value results in th 
curve —B,,,, to By,,- 

This entire closed curve (when it becomes really close 
after a number of cycles) is referred to as the B-H charg. 
teristic or hysteresis loop or normal or symmetrical hyster:. 
sis curve. Its accurate determination is sometimes difficult: 
hundreds of scientific papers describe various instruments 
and methods, but suffice it to mention two pertinent facts: 
(1) This curve is a characteristic of all magnetic mate 
rials. (2) It varies enormously in shape and area with 
particular magnetic materials: those with small coerciv 
force on demagnetization are known as “soft” magnetic 
materials and are useful in the design of equipment suc 
as relays; those with high coercive force, which are capable 
of storing or retaining a large amount of magnetic flu 
after magnetizing forces are no longer present, are the 
“hard” magnetic materials chosen for permanent magnets 
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MAGNETIC ENERGY PER WEIGHT UNIT 


Fig. 8. Energy Value Comparison for Available Permanent Magnetic Materials. 


wT 


Contents of — Al Co Cu Ni 
Alnicol U-l3% 56% 2-352 18-217 
AlnicoI If-13 = 12-13) 55-65 17-20 
Alnicoll I!-13 O5max. 3-6 24-26 
AlnicoM U-l3) 05°65 15-3 275-28.5 
AlnicoV 75-95 24-26 3-6 14-16 


Fig.9. Alnico Alloys 
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The most important information, concerning a permanent 
's ability to produce a magnetic field, is the demag- 





agn 
tii » section (Bx to Hc) of the B-H curve, for it may be 
bsed to plot an acceptable index to the amount of magnetic 


available in a permanent magnet by plotting a curve 

products of any two values of B and H. Such a 
s illustrated in Fig. 5 which was plotted from Fig. 4. 
Many steels have been used in the past for instrument 
magnet manufacture, among them the chrome steels, tung- 
ten steels and cobalt steels. None of these lends itself as 
eadily to improvements in instrument manufacture as do 
he recently-developed aluminum nickel steels referred to 
s the Alnico group. Fig. 6 is a family of coercive curves 
or the conventional magnet materials as compared to the 
Alnico group. Note the higher coercives achieved by the 
hew materials. 
| Fig. 7 is a family of energy product curves plotted as 
breviously described from Fig. 6 and again indicates the 
igher energies of the Alnico group, especially in curves 

and H. Alnico materials exhibit greater magnetic energy 
ontent per unit weight than any previous magnetic mate- 
ial used in instrument manufacture. Fig 8 is a comparative 
hart of the various magnetic materials as regards mag- 
etic energy per unit weight. Approximate analyses of the 
hlloy constitutents in the Alnico group are tabulated in 

ig. 9. 

The availability of Alnico materials has been a boon to 
nstrument designers desiring to effect material savings 
nd to minimize manufacturing process requirements. It 
as not only made possible weight reduction of the magnet 
system, but also economies in choosing of materials and 
Hesigning the structure of the remainder of the magnetic 
ireuit. This, in turn, has made possible the re-design of 
he moving element of the instrument and the simplification 
bf processing problems with still further savings of labor 
n manufacture. 
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Fig. 10 








> Materials. 





wT 





Remainder 





























Fig. 12 
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Fig. 13 


Some Practical Results——Three actual examples of de- 
sign changes consequent to using some of the new mag- 
netic materials have been selected as fairly typical. The 
illustrations are uniformly arranged, with the new design 
(A) at the left and the conventional design (B) at the 
right. 

Best-known and most widely used type of electrical in- 
strument is the medium-size medium-range d-c. measuring 
instrument. The conventional design shown at B in Fig. 10 
will immediately be recognized. Its new design is shown at 
A. Note the difference in sizes and weights of the two de- 
vices. The improved magnet design allows the use of smaller 
amounts of required materials in the remainder of the in- 
strument. The simplification is apparent and it is of in- 
terest to report that the newer design allows at least 20% 
improved measuring results in addition to large economies 
is labor processes. 

Fig. 11 is a similar comparison of measuring instruments: 
at the right the conventional unit and at the left the re- 
designed unit using the new magnetic material. In addi- 
tion to the many structural improvements which become 
apparent on examining the photograph, it can again be re- 
ported that the performance of the new model is far better 
than that of the old. 

The final example is a galvanometer. Fig. 12B shows the 
conventional design. Note the familiar large magnet as- 
sembly. The redesigned unit shown at A makes use of high 
coercive permanent-magnet materials with consequent econ- 
omies in space, weight, secondary materials and manu- 
facturing time. Fig. 13 compares cross-sectional views of 
the conventional (B) and the improved (A) galvanometer 
designs and requires a few words of explanation. Note 
first, in view B, the conventional armature coil (d) swung 
in the magnetic gap between core block (c) and pole pieces 
(b) of magnet (a). In the improved design (A) a minia- 
ture magnet (a) of the Alnico group is mounted upon non- 
magnetic blocks (g) within the soft iron cylinder (c), 
completing the magnetic circuit and leaving a gap within 
which is swung the armature coil (d). In addition to the 
savings in materials, weight, space and labor—which are 
fairly apparent—the new design has accomplished a con- 
siderable increase in sensitivity, which is of course the 
characteristic wanted in a galvanometer. A war-time re- 
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quirement, however, was that higher sensitivity should not 
be attained by the sacrifice of ruggedness. This is not the 
occasion for a detailed technical explanation of how greater 
ruggedness was achieved together with higher sensitivity, 
but professional designers will see the possibilities when 
they carefully examine Fig. 13. In brief, the new galvanom- 
eters have not only a much greater torque-weight ratio but 
the proportions are such that the effects of shocks and 
severe vibrations can be taken care of more easily. 

All in all, these new designs have not only effected econ- 
omies in instrument manufacture, but they exhibit im- 
proved measuring properties: higher torques and sensitiv- 
ities, reduced friction and similar electrical improvements, 
together with the mechanical endurance demanded by the 
Armed Forces and by war industries because of the short- 
age of trained instrument repairmen. 

The fundamental significance of these redesigns of d-c. 
instruments is that the most frightful war in which our 
country has ever been plunged has stimulated the creative 
resourcefulness of American electrical-instrument designing 
engineers to bring out after fifty years the inherent abil- 
ities of the basic permanent-magnet moving-coil design cre- 
ated by Arséne d’Arsonval and Edward Weston. 


II—WELDED SHEET METAL HOUSINGS 


One of the more pressing wartime problems confronting 
the manufacturer of instruments and control apparatus has 
been the procurement of large and small housings and other 
parts which were formerly of die-cast or sand-cast alumi- 
num. When aluminum restrictions were imposed, the man- 
ufacturers had to find substitute materials even if his costs 
were increased. Zinc base castings which entailed small 
conversion of die and pattern equipment were tried and 
found to be unsatisfactory from the standpoint of parts 
accuracies and undependable machine results. Growth of 
these materials and deformation in cutting operations (such 
as milling and shaping) made the tooling problem a “head- 
ache.” A satisfactory material solution was found in the 
use of sheet steels which were economical and did not show 
excessive fabrication and labor costs, especially in deep 
drawn die formings. Figs. 14 and 15 illustrate a type of 
instrument housing formerly made of sand-cast aluminum 
shapes requiring a series of machining operations. Figs. 16 
and 17 show the duplicate functional design as converted to 
sheet steel manufacture. The case components are drawn 
and fabricated from sheet steel of approximate analysis as 


follows: 
S.A.E, No. 1010 Cold Rolled No. 5 Temper 
Carbon 0.05 to 0.15 
Manganese 0.30 to 0.60 
Phosphorus 0.045 Max 
Sulphur 0.055 Max 


The karger instrument housings are fabricated of welded 
structure compounded with stampings and deep drawings. 
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Use of deep drawing dies and perforating equipment 4 
away with expensive machining operations. Among may, 
secondary advantages of steel is magnetic shielding of t, 
instrument mechanism, which of course the aluminu: forms 
could not provide. 

The use of sheet steels, however, brought to light corp, 
sion problems which were not present with cast aluminyy 
alloys. Problems of oxidation, electrolysis, atmospheric ¢q). 
rosion, temperature changes, etc., required durable fing 
finish coats to prevent resultant stripping and chemiqj 
attack of the underlying metals. Instrument cases for indy. 
trial applications may be used in atmospheres of wide) 
different chemical properties, as in chemical plants; or may 
be subjected to abrasion and large temperature changes, , 
in heat-treating plants. A solution to .this problem wa 
found in subjecting the ‘final fabricated sheet meta! parj 
to a complete Bonderizing of the material, coating with, 
primer of Roxylin, and finally finishing with two coats of 
Roxylin finishing enamel. Salt spray tests and weathering 
tests under temperature and humidity extremes hay 
shown these finishes to be comparable in life to the replacej 
finished cast materials. In many cases they present a mor 
eye-pleasing appearance. 

Little redesign of the interior functional mechanism wa 
entailed. Case designs are based as much as possible upm 
deep-drawing processes, with door covers of compounde 
drawing and welded construction. Hinge parts of the doc 
structure are spot-welded and riveted, while lock parts ani 
other hardware are attached with anchor screws or, in som 
cases, by riveting or spot welding. Door warpage, typica 
of sheet metal housing design, is overcome by using cros- 
brace members of fabricated welded frame design withir 
the door body. Gasket mountings for sealing instrument 
covers are obtained through the use of further sheet meta 
fabrication and welding. 

Hardware items, conventionally fabricated of brass, wit 
chrome or nickel plating, have been replaced to a great 
extent by lock parts of stamped steel. These steels ar 
finished for corrosion resistance by an underlying coppe 
plate, brass plate above, and a final finishing lacquer coat 
The use of black oxide chemical finishing for ferrous parts, 
recently appearing in this field, results in a black non-r- 
flective wear- and corrosion-resistant surface which pro 
vides an excellent base for clear lacquer finishes on various 
metal parts, at the same time furnishing an attractive 
coating. 

In concluding this necessarily sketchy account of a 
infinitesimal portion of the apparatus industry’s war-time 
problems, it may be said that American Technology has 
been equal to its task of carrying on our vital manufar- 
tures in spite of material and manpower shortages; ani 
that the enrichment of our fund of knowledge will stan( 
us in good stead in the future. 
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Turbosupercharger 
Testing Facilities 


SUBSTANCE of paper presented at 


N the thin air at today’s fighting altitudes of 25 to 
| 25.000 feet, unsupercharged aircraft engines develop 
less than 25% of their sea-level power. 
power is restored by supercharging by means of centrif- 
ugal-type air compressors which force a normal weight 
flow of air into the engine. When the power to drive the 


compressor is taken from the engine crankshaft, “geared 


supercharging” is employed; 
when the compressor is driven 
by an exhaust-gas turbine, “tur- 
bosupercharging” is employed. 
In high-altitude bombers and 
top-flight fighters, the two are 
combined. 

At 35,000 feet, the power re- 
quired by the gear-driven super- 
charger to compress the carbu- 
retor air to sea-level pressure is 
approx. 30% of that delivered 
by the crankshaft. On the other 
hand, the turbosupercharger 
supplies this sea-level pressure 
by utilizing otherwise-wasted 
exhaust-gas energy. 

Compactly-designed exhaust- 
gas turbosuperchargers, which 
multiply engine power several 
times at high altitude, operate 
at terrific speeds with all parts 
stressed close to their ultimate 
limits. They must be not only 
carefully designed and built but 
tested with extreme care under 

| conditions of actual flight. 

achieve this, the General 
“lectrie Co. has developed and 
‘ up test facilities in its Lynn 









This loss in 





Fig. 2. Vacuum High-speed Test Stand. 








Annual Meeting of A.S.M.E. unde: 


Fig. 1. Turbosupercharger Test Area. 





By E. E. STOECKLY 





Supercharger Engineering Division, 
General Electric Co., West Lynn, Mass. 


auspices of Aviation Division 


(Mass.) River Works Plant, which enable the design en- 
gineers to determine performance and endurance limits of 
the many components, the turbosupercharger itself and 
even the complete turbosupercharged aircraft power plant. 

Operation of this vast amount of test equipment (Fig. i) 
requires at times as much as 400,000 lbs. of steam per hour, 
4000 kwh of electric energy, 600 gph of fuel oil, and 400 


gph of high-octane gasoline— 
enough for all the heating and 
power requirements of a good- 
sized city. 


VACUUM HIGH-SPEED TESTS 


Special vacuum high-speed 
stands have been developed for 
destruction testing of impellers 
and wheels. (This same type of 
stand is used in production for 
stretching compressor impellers 
before they are bushed.) Fig. 2 
is a view of one of these stands, 
consisting of a small air- or 
steam-driven high-speed turbine 
for rotating the wheel or impel- 
ler which is supported on a 
small flexible shaft inside an 
evacuated chamber. Drive tur- 
bines have been developed to ro- 
tate weights of 500 lbs. up to 
30,000 rpm, 50 lbs. up to 55,000 
rpm, and 10 Ibs. up to 100,000 
rpm. The wheel, impeller, or 
other object being high-speeded 
rotates about its own center of 
gravity. It is connected to the 
turbine through a small flexible 
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Fig. 3. Gyro Test Mechanism. 


shaft, which is prevented from whipping by damping disks 
built into the lower part of the turbine. The chamber can 
be evacuated to 0.0001” Hg. This decreases the rotational 
loss to a negligible value, minimizing the power required. 
The driving turbine is designed to bring standard super- 
charger wheels and impellers from standstill to 30,000 rpm 
in approx. 60 seconds. After testing, the rotating parts are 
brought to a stop by means of an air jet acting as a brake 
on the turbine wheel. Speed measurements are made by a 
magnetic pickup actuating a frequency meter calibrated in 
rps. Large numbers of wheels and impellers have been spun 
to destruction in order to determine the relative merits of 
various materials, different wheel contours, bolt hole sizes 
and locations, fillet sizes and shaft locating bosses. The 
stored rotating energy of some test wheels has exceeded 
7,000,000 ft.-lbs. 

As a standard production procedure, all wheels and im- 
pellers are high-speeded to 125% of their rated speed in 
vacuum high-speed stands. Total time required to load the 
stand, evacuate the chamber, bring the wheel or impeller to 
speed, maintain speed for two minutes, decrease speed to 
zero, break vecuum in chamber, and remove the tested ob- 
ject, is six to eight minutes. 


GYROSCOPIC TESTS 

During combat maneuvers, the motion of the plane com- 
bined with the high rotational speed of the turbosuper- 
charger produces large gyroscopic forces. To determine the 
ability of the rotor parts to withstand these forces, a spe- 
cial gyroscopic test stand (Fig. 3) is used. The complete 
turbosupercharger rotating assembly is brought to full op- 
erating speed and is then rotated about an axis at right 
angles to the shaft, at a rate approximately equal to the 
maximum encountered in flight. The effect cumulatively 
encountered in the life of the unit in an airplane can be 
obtained on the test stand in a few moments. 


COMPRESSOR PERFORMANCE 


Five stands are available for the measurement of com- 
pressor efficiency by the temperature rise method. (See Fig. 
4.) In this method, the power input is calculated from 
measurements of compressor air flow and compressor inlet 
and discharge temperatures. This method requires that no 
heat be lost between the inlet temperature measurements 
and the discharge temperature measurements. Thus careful 
lagging of the compressor casing and inlet and discharge 
lines is necessary. The theoretical power requirements for 
the pressure rise is calculated from measurements of com- 
pressor inlet temperature and compressor inlet and dis- 
charge pressure. Because of this method of power meas- 
urement, any type of power supply may be used. Owing to 
the critical effect of entrance and discharge conditions on 
compressor pressure measurements and compressor per- 
formance, care is taken to secure ideal flow conditions at 
both the inlet and the discharge. The arrangement is such 
that mechines can be tested with radial, tangential, or 
double tangential compressor discharges. In the case of 
double tangentie! discharge machines, the two discharges 
are made symmetrical up to the point at which they feed 


Page 20—Instruments—Vol. 17 





into a common flow nozzle. The air to the compressor let; 
is either at normal outdoor temperature or heated -uffj. 
ciently to maintain a constant inlet temperature over , 
complete series of runs. Discharge blast gates and cone. 
shaped inlet throttles are provided so that the correct 
sures, pressure ratios, and flows may be maintained. 

Other compressor efficiency tests are conducted i 
evacuated and refrigerated test cells that will be disc: 
later. Such tests are also conducted by the temperature 
rise method and make possible the determination of 
pressor efficiency at a given speed for various inle! 
temperatures. 

Two turbine efficiency test stands, using closely controlled 
superheated steam as the driving medium, are employed 
for the measurement of turbine efficiency. On one stand, the 
power output of the turbine is measured directly on a water 
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Fig. 4. Compressor Efficiency Stand. 


AIR INTAKE | j fy 


(| mores 













AIQ INTAKE 
EvecTor 








HEATER 





















TURBINE EFFICIENCY MEASURED BY COMPRESSOR 
HEAT BALANCE O28 TURBINE . TEMPERATURE DROP 


Fig. 5. Hot Gas Turbine Efficiency Stand. 









brake, while on the other the temperature drop method is 
used in conjunction with a compressor for loading the tur- 
bine. The steam supply taken from a 200 lIbs./in.? header, 
is passed through electric steam superheaters which main- 
tain a constant inlet temperature, and then through “criti- 
cal drop” steam flow nozzles before entering the turbines. 
The discharge steam passes through a pressure and tem- 
perature measuring section before going to a water spray 
condenser. Tests are conducted to determine the perform- 
ance of the turbine through its full operating range and to 
determine the variations resulting from slight changes of 
nozzle and bucket angles, clearances, and overlaps. 

A stand for determining turbine efficiencies with high- 
temperature gas as motive power is also used. (Fig. 5) 
This testing takes account of possible variations in over!aps, 
clearances, and distortions resulting from hot gas opera- 
tion. A certain number of correlation tests using hot gas 
are run to verify the performances obtained from stcam 
tests. 

In these tests fuel oil is used to produce hot gas. Hoth 
this fuel oil] and the compressed air used for combus' 
are carefully metered by means of flow nozzles before gu ing 
to a special combustion chamber. After burning and be ore 
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en:.ring the turbine under test, the products of combustion 
pacs through a mixing chamber which produces a uniform- 
ter:perature gas in which all stratification has been elim- 
inated. Between the mixing chamber and the turbosuper- 
charger nozzlebox, the exact gas temperature and pressure 
are measured by means of six quadruple-shielded thermo- 
couples and three static pressure taps. The six temperature 
measurements are in two groups of three, approx. 10 ft. 
apart, with the second set located several feet ahead of the 
turbine nozzlebox. By using three thermocouples installed 
at one-third pipe depth and 120° apart at each point, the 
tendency toward stratification can be determined and an 
average temperature obtained. By placing the two sets of 
thermocouples 10 ft. apart, the rate of temperature drop 
along the pipe can be measured. To reduce stratification 
and to maintain the temperature as nearly constant as pos- 
sible, the hot gas line from the combustion chamber to the 
turbine is lagged with 7” of high-temperature insulation. 
The turbine wheel discharges its gases between two con- 
centric rings in the sides of which are eight static pressure 
taps, four on the inside ring, and four on the outside ring. 
This is followed by a mixing chamber, before and after 
which temperature measurements are taken to make certain 
that an average exhaust gas temperature has been ob- 
tained. The turbine exhausts into a header containing a 
number of steam ejectors. Sufficient hot gas and exhausting 
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Fig. 6. Closed-refrigeration-cycle Test Cell. 





capacity is available to test machines up to a pressure ratio 
of 10:1 between inlet and exhaust pressures. 

For these tests, the turbine can be loaded either by means 
of its own compressor or by means of a water brake. If the 
compressor is used as a load, careful measurements are 
made of the air flow and the compressor inlet and discharge 
temperatures. To hold constant inlet air temperatures, re- 
gardless of changes in outside ambient temperatures, air is 
first drawn through a steam heater. Mixing chambers are 
used both in the inlet and the discharge lines to obtain 
good average temperature. Two sets of three thermocouples 
each are used in both lines to determine the change of air 
temperature along the length of the lagged inlet and dis- 
charge air lines. Provisions have been made for flow nozzles 
in both the inlet and discharge lines so as to be able to 
make a double check on compressor air flow. 


HIGH-ALTITUDE TEST CELLS 


Completed turbosuperchargers are tested in cells in which 
high altitude conditions can be maintained. When the pri- 
mary purpose of the test is to secure information on the 
turbine, altitude temperature and pressure conditions are 
closely controlled. Hot gas from a special combustion 
chamber is available at temperatures up to 1800°F., at 
pressures up to 70” Hg and at flows up to 450 lbs. per min. 
Altitude turbine cooling air is duplicated with respect to 
both pressure and air flow. 

For tests involving the endurance or performance of the 


compressor, air that is cooled to the low temperatures en- 
countered at high altitudes is used. To take care of the 
great number of development tests, seven altitude test cells 
are available. In three of these the compressor inlet air is 
throttled from normal outdoor sea level conditions. One 
cell is equipped with a closed-cycle refrigeration system 
(Fig. 6) in which the compressor discharge air is directed 
through cooling coils, expanded through a refrigeration 
turbine, and delivered back to the compressor inlet under 
altitude pressure and at temperature down to —80°F. The 
maximum capacity of this refrigeration cycle is approxi- 
mately 450 lbs. of air per minute. In the remaining three 
test cells outside air is refrigerated to approx. —100°F. by 
means of a compression, dehydration and expansion cycle. 

Six of the cells are equipped with special reverse-flow 
combustion chambers for supplying hot gas to simulate the 
exhaust gas from aircraft engines. For special tests sev- 
eral of the chambers have been operated for considerable 
periods with a discharge gas temperature of 2000°F. with- 
out showing undue signs of deterioration. One stand re- 
ceives hot exhaust gas directly from an actual aircraft 
engine and is described later. 

To obtain altitude conditions, all of the stands are ex- 
hausted by means of steam ejectors. Compared to centrif- 
ugal or positive-displacement exhausting equipment, the 
higher operating cost of steam ejectors is offset by lower 
initial and maintenance cost. Instead of being limited to a 
definite altitude as are centrifugal exhausters, steam ejec- 
tors operate over a very wide range, simply giving lower 
weight flows as the altitude increases. The following table 
gives this variation based on 100% capacity at 40,000-ft. 
altitude: 

Altitude, ft. 10,000 20,000 30,000 40,000 50,000 

Capacity 310% 250% 175% 100% 37% 


A number of the test cells have their exhausts directly 
interconnected so as to make the greatest use of a fixed 
number of jets. The rated exhausting capacities of the vari- 
ous test cells when operating at 40,000 feet range from 300 
to 1200 lbs. per minute. 

One of the test cells is equipped with an air-to-gas heat 
exchanger to cool the exhaust gases from the turbosuper- 
charger before entering the exhaust ejectors. In the re- 
maining six cells the exhaust gases are cooled by means of 
direct evaporation from exhaust gas cooling sprays. 

The refrigeration cycle shown on the right side of Fig. 7 
consists of compressing normal sea-level air by means of 
single-stage geared compressors to approximately 22 
Ibs./in.? gage. The air is then cooled by means of finned 
air-to-water cooling coils to approximately 90°F. Coils con- 
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ENGINE TEST STAND WITH ALTITUDE CYLINDER 
Fig. 7. Engine Test Stand Equipment Schematic Diagram. 
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Fig. 8. Hot Gas Altitude Test Stand. 


taining Freon further reduce the temperature to approxi- 
mately 49°F. In summertime when humidity is high, a large 
proportion of the moisture in the incoming air is condensed 
in this cooling process, and is separated from the air by 
means of moisture eliminators. A second bank of Freon 
coils reduces the air temperature to approx. 26°F. At this 
temperature, frosting on the coils would interfere with con- 
tinuous operation; therefore the entire coil surface is 
flooded with a non-frosting solution. Thus, the moisture that 
would normally remain on the coil surface in the form of 
frost is absorbed into the continuously-recirculated frost- 
preventive solution. To maintain a constant solution 
strength a small quantity is automatically withdrawn, pass- 
ed through an evaporative concentrator and reintroduced 
into the cycle. A third bank of Freon coils reduces the tem- 
perature to approximately 5°F. with a similar scheme for 
the prevention of frosting of the coils. The third bank of 
coils is followed by a moisture eliminator to decrease the 
carry-over to as low a value as possible. 

The air at 5°F. and approx. 20 lbs./in.* gage pressure is 
expanded through a specially constructed refrigeration tur- 
bine to the altitude pressure maintained in the test cell. The 
energy removed from the air by the refrigeration turbine 
is absorbed by a standard supercharger compressor. In 
three of the test cells no attempt is made to utilize this en- 
ergy because of the wide range over which the compressor 
must operate to absorb the varying power output of the 
turbine. In the test cell which has a closed cycle, the re- 
frigeration turbine is loaded by a compressor which boosts 
the pressure of the air supplied. 

To allow for a wide range of operation, in some cells the 
refrigeration turbines are equipped with several nozzle arcs 
of different areas, while others are equipped with control- 
lable nozzle areas. In these refrigeration cycles, the mini- 
mum air temperature available at sea-level chamber 
pressure is approx. —30°F. As the chamber pressure is 
decreased, the energy available to drive the refrigeration 
turbine increases and results in a lower air discharge tem- 


i, 9. Refrigerating and Exhausting Equipment for Altitude Test Stands. 
ig. 10 (Hot Gas, Altitude, and Refrigeration Control Board) is the 
i. AH photograph. 
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perature. These temperatures reach —90°F. at te: gl 
altitudes of 25,000 feet, and —100°F. or colder at alt cudeg 
above 30,000 feet. With this equipment, a temperati re of 
—90°F. at the compressor unit under test has been re \cheq 
within 20 minutes of a warm start of all the refrige: atioy 
equipment involved. 

Among many tests on completed turbosuperchargers made 
in these cells are accelerated life tests on new bucke? and 
wheel material, tests for nozzlebox distortion, compressor ep. 
durance, lubrication under low temperatures and pressures, 
oil leakage, compressor performance, turbine performance, 
and the 150-hour type test for the Army Air Forces 
Experience has demonstrated that in order to get ap. 





































curate test results on higher-speed higher-altitude turbo. 
superchargers, it is necessary to test them under closely 
controlled altitude pressure and temperature conditions 
Fig. 8 shows a typical altitude test cell in which all altitude 
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conditions are duplicated except for the temperature of the 
air going to the compressor inlet. This type of plant js 
used mainly for accelerated life tests on all parts of the 
turbine and tests for mechanical endurance of bearings, 
lubrication systems and compressors. Automatic controls 
maintain constant chamber altitude, hot gas temperatures, 















































Fig. 11. Section of Power Plant Test Cell. 






and lubricating oil temperatures. All important tempera- 
tures and pressures throughout the turbosupercharger on 
test are recorded. 

Fig. 9 is a general view of some of the mechanical equip- 
ment associated with a test cell provided with both air 
refrigeration and high-altitude exhausting equipment. The 
equipment shown is about half that required for supplying 
1200 lbs. per minute of air at —100°F. and for exhausting 
the same weight flow at an altitude of 40,000 feet. Refriger- 
ation equipment is on the right-hand side; exhausting equip- 
ment on the left. The control board necessary for complete 
remote control operation of a 1200 lb. per minute plant is 
shown in Fig. 10 [front-cover photo.—Ep.]. In the center 
can be seen the automatic controllers for -mamtaining con- 
stant altitude air temperatures. Recorders in addition t 
the ones shown are provided for all of the important tem- 
peratures and pressures of the unit on test. 
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COMPLETE POWER PLANT TEST CELL 


A special engine test cell has been constructed to study 
the operation of any particular type of turbosupercharger 
as an integral part of a given power plant unit. Fig. 1! 
shows a typical test installation in an altitude cylinder. 

The engine of the power plant under test is mounted on 
the forward wall of the altitude cylinder. Normal equip- 
ment such as turbosuperchargers, air intercoolers, engine 
oil coolers, regulators, integral flight controls, oil cooler flap 
controls, and carburetor air temperature controls are mount 
ed back of the forward wall of the altitude cylinder in 
exactly their same relative location to one another and t 
the engine as in the actual plane installation. Refrige: ited 
air is introduced through the forward wall for combustion 
and cooling of the power plant in exactly the same maine! 


























yould be introduced by the airplane air scoop. This 
» be maintained at any temperature down to —-100°F. 
ressure at which it is delivered can be controlled to 
n reached Mmequa: the sum of the altitude static pressure and the air 
Tige) ation coop ram pressure for a particular airspeed of the plane. 
The exhaust gases are removed from the rear of the alti- 
gers made yde cylinder through a 46” pipe line. Water is injected into 
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ucket and he turbosupercharger exhaust soon after it leaves the 
essor en. urbosupercharger discharge in order to decrease the tem- 
pressures, [perature of exhaust gases handled. The flow diagram of the 
formance [refrigeration and exhausting system was shown in Fig. 7. 
orces. In order to record the many simultaneous pressure read- 
© get ae. Pings required, 256 manometers, each 60” long, in which 
ide turbo- ‘arious density fluids can be used, have been installed in a 
er closely [special room. The grouping and lighting have been so ar- 
onditions, -anged that all pressure readings plus pertinent informa- 
ll altitude ion such as engine speed, oil pressure, flap and intercooler 
ure of the Iaadoor positions are recorded on photographic film by two 
fF plant is ameras. Temperatures are recorded automatically on a 


rts of the [Mathree-range 140-point flight test recorder. Provisions are 


bearings, 
> controls vom a . a 
peratures, iy 







Fig. 12. Control Board for Airplane Power Plant Test Stand. 






tempera: Baiso made for recording up to 60 temperatures on precision 

arger 0. Bipotentiometers and 60 additional temperatures on semi- 
: recision potentiometers. 
-al equip- The control board is shown in Fig. 12. Here are mounted 
both air BBall the test instruments for the particular test being con- 
ent. The Biducted in addition to the controls and instruments normally 
supplying supplied for a single engine. Three grades of gasoline are 
chausting available, the flow of which is measured by double-range 
Refriger- Biiftow meters. Remotely-controlled air-operated valves make 
hg equip t possible to change from one grade to another during a 
complete est. Exhaust gas and other important temperatures are 
plant is recorded on several multipoint recorders. 
he center A separate oil cooling and filtering installation has been 
ning Cl Biprovided for tests which do not call for data on the actual 
dition © Bi irplane engine oil cooler under altitude conditions. In this 
ant tem- system automatic controls maintain constant oil tempera- 
ures to the engine. 
CONCLUSION 

to study The testing facilities of the General Electric Turbosuper- 
reharget harger Division provide the data required to help perfect 

Fig. 1! ot only the turbosupercharger unit, but the operation of 


inder. he unit with the remainder of the power plant. There is 
10 limit to testing such as described here. Component parts 


od on 
vata kre not delicate and do not require flight testing and checks. 
, engine ‘Take-off time” can be set in advance, as clouds, storms, 
oler flap sleet or snow are all outside the substratosphere chamber 
e mount- tnd control room cabin. The human element has no part to 
inder in play, in that test operators are always at sea level even 
r and to hough the equipment on the other side of the wall is 
riger ated 0,000 feet up and —100°F. below zero. Pushing a few but- 
mbustion ons and setting a few controls makes the weather and 


. manner nditions perfect for the test under consideration. 




















* During the past 32 years we have solved 
numerous measurement problems by supplying 
standard or special instruments to accurately 
measure pressures, vacuums and flows of liquids 
and gases. We have constantly improved, devel- 
oped and diversified the line so as to meet 


fully all needs of the field. 
U-TYPE MANOMETERS 


The Clean-Out Manometer for line 
pressures up to 100 lbs. per sq. in. 
A wing nut permits the Manometer 
body and tube to be disconnected 
from the head—the tube cleaned 
with a brush furnished or tube re- 
placed, and the instrument reas- 
sembled without disconnecting the 
head section from the piping. Send 
for Bulletin No. 1. 


The Model A-204 Manometer for line 
pressures up to 400 lbs. per sq. in. 
These instruments are built with 
heavy walled annealed straight 
Pyrex tubes, gland packed top and 
bottom in steel end blocks and 
clamped to the body at fixed inter- 
vals to prevent distortion. Bulletin 
No. 10 gives complete details. 


WELL-TYPE MANOMETERS 


Direct reading Manometers for 
line pressures up to 250 Ibs. per 
sq. in.—of standard construction, 
available in both wall and flush 
front panel mounting designs in 
ranges from 6” to 100”. Ask for 
Bulletin B. 


SIGHT FEED BUBBLER 


This Sight Feed Bubbler with bowl 
of Pyrex glass is good for line 
pressures up to 50 lbs. per sq. in.; 
of plastic, for pressures up to 100 
Ibs. Sturdily built in brass or semi- 
steel construction. Needle valve 
controls bubbler rate. Ask for 
Bulletin 21. 


THE MERIAM CO. 


1945 West 112th St., « Cleveland, Ohio 











MERIAM 
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MANOMETERS, METERS AND GAUGES FOR THE ACCURATE MEASUREMENT 
OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES 
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The “Temp-Turb” Temperature Control System 
By J. R. CAMPBELL, General Electric Co., Ontario, Calif. 


HE amount of work available from any basic tem- Referring to Fig. 1, the inlet guide vanes are mounted 
perature-sensitive element is relatively small and must cantilevers at the edge of the inlet nozzle and th 
be substantially amplified by some form of external ends engage a shift ring by means of small pins, 
energy before response to temperature change can be made __ the shift ring either direction from neutral varies 
to command the control means. In aircraft the control rection of fluid flow over the rotor to either side « 
means might be an exit flap, such as on an intercooler; radial flow. The amount of deviation from pure 
a butterfly valve, such as in a heating and ventilating duct; flow is determined by the amount the shift ring is 
a mixing valve, such as in a heating and ventilating sys- 
tem; shutters or flaps for oil coolers; dump valve for 
thermal de-icing system; etc. 

The Temp-turb system of temperature cdntrol uses the 
kinetic energy of the flowing fluid being controlled to am- 
plify the work done by the basic temperature-sensitive 
element. The kinetic energy available in fluid flow systems 
in aircraft is generally substantial and enough energy can 
be harnessed to operate control means without introducing 
a harmful pressure drop. 

Fig. 1 shows a Temp-turb Control Unit, as used in the 
Douglas A-20 for controlling the temperature of air leav- 
ing a combustion heater. This air is for cabin heating, 
windshield defrosting and turret heating. The Temp-turbs 
are set to maintain a control point of 200°F. +15°F. and 
actually control to within +5°F. As shown in Fig. 2, the 
Control Unit is furnished as an integral part of the modu- 
lating valve. Operation of the assembly is to allow more 
air to flow over the heater as temperature tends to in- 
crease, and to reduce the air flow as temperature tends to 
decrease. Heaters in this system are ram-operated. 

Fig. 3 indicates the operation of the rotor or turbine 
wheel for the type of Temp-turb as used on the A-20. Tur- 
bine blades are made of 0.005” thick high-activity bimetal 
and are calibrated to be straight at the control point. Any ROTOR. FLOW OF AIR 
deviation from the control point temperature results in a pre sale sod 
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SHIFT RING FOR ADJUSTING CONTROL 


curvature of the turbine blade (the direction of curvature PERIPHERAL VANES 
depending upon the direction of the temperature deviation). es 
As the device is a radial flow turbine, the curvature of the 
blade imparts a torque to the rotor which is transmitted 
through a gear reduction to the modulating valve. 

After the turbine blades are formed and stabilized (to 
maintain calibration under all conditions to which control 
might be subjected) it is not feasible to vary the control 
point of the unit by varying the form of the blades. There- ‘ 
fore, the angle at which the fluid enters the rotor is varied. 7 miciart 
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FULL TEXT of paper presented at Annual Meeting of A.S.M.E., 
New York, Nov. 28-Dec. 3, 1943, under auspices of Aviation and 


Heat Transfer Divisions. GEAR TRAIN THRUST BEARING 
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XAGGERATED CURVATURE OF TURBINE 

RACES WITH TEMPERATURE BELOW 
ROL POINT : 

Fig. 3 


When the flow through the rotor is deviated from radial, 
the rotor assumes a new temperature control point. This 
adjustment allows the control point to be varied about 
+40°F. from the normal. 

The assembly shown in Fig. 2 operates on a sample of 
air which varies from about 5% to 10% of rated flow for 
a full open valve. Fig. 4 (a partial cut-away of the as- 
sembly shown in Fig. 2) shows the inlet scoop and the 
exhaust outlet from the turbine back to the duct. 

Numerous other applications of the Temp-turb principle 
of temperature control are in the development stage; how- 
ever, the example mentioned above should provide an ade- 
quate picture for understanding of the system in general. 


The work available in a Temp-Turb unit is a function of: 


1. Deviation from control point. 
2. Mass flow of fluid, which for air has to be corrected for 


a, Temperature] 
b. Altitude  f density 


The temperature sensitivity is a function of: 


1. Massiveness of basic temperature-sensitive elements. 
2. Velocity of fluid being controlled. 

8. Gear ratio between rotor and control valving. 

4. Thermal lag of the system. 


When designing a Temp-turb Unit for a specific appli- 
cation, it is first necessary to determine the following: 


1. Control point. 
2. Degree of accuracy to which temperature must be controlled. 
8. Maximum work required to operate valving or control means. 
This may be broken down into: 
a. Maximum torque required. 
b. Rate at which control means must be moved when operating 
under maximum torque conditions. 


4. Mass flow rate of the fluid in system. 

5. Allowable pressure drop (drop due to Temp-turb). 

6. If system involves flow modulation, the minimum flow al- 
lowable. In this system, it always is necessary to have a sample 
of the fluid flowing over Temp-turb rotor at all times. It is not 
practical to design for a minimum flow of less than the amount 
needed for a sample. 


7. Allowable space. 

8. Allowable weight. 

9. Cross section area of ducting or piping jn the zone where 
Temp-turb is to be installed. 

10. Whether or not the control point has to be adjustable: 
& as a service operation. 
b. as an “in use” operation. 


General characteristics of the Temp-turb system of 
temperature control are: 


1. Inherently non-hunting. The deflection of the blades, whether 
made of temperature-sensitive material or actuated by a temper- 
ature-sensitive element, is proportional to temperature changes. 
Therefore, the output of the rotor is proportional to temperature 
changes. A large temperature deviation produces a large correc- 
tive force and a large rate of correction. A small deviation pro- 
duces a small corrective force and a small rate of correction. As 
temperature error is being corrected, the correcting force and 
speed (produced by rotor) are reduced in prorortion to the error 
until the control point is reached, at which time corrective force 
and speed of correction become zero. 

Numerous tests under transient conditions have proven that the 
system is inherently stable. Of course, the thermal balance of the 
System must be within reasonable limits, and the gear ratio be- 
ae rotor and control means also must be within reasonable 
imits. 

2. Falling torque characteristics with velocity pressure increases 
The turbine blades, being operated by 
resilient thermoelements, are spring-loaded into proper position. 
This feature allows the blades to be blown into a neutral position 
under conditions where excessive velocity pressure might result 
in damaging loads or wear on the mechanism. This factor is of 
par a aircraft where ram pressures at times become 
juite high. 


AT CONTROL POINT TEMPERATURE EXAGGERATED CURVATURE OF TURBIN 
BLADES ARE STRAIGHT 4S SHOWN wth tar ABOVE 


























Fig. 4 


3. Adequate sampling of fluid being controlled. Temperature- 
sensitive elements have large area exposed to flowing fluid, which 
is particularly helpful under conditions wherein there is “tempera- 
ture layering’ in the duct. Also, system is adaptable to special 
types of sampling scoops. 

4. Low thermal lag. Bimetal temperature-sensitive elements 
are thin and subjected to relatively high velocity fluid flow, re- 
sulting in almost instantaneous response to temperature changes, 


5. Not affected by vibration. The torque produced by a vibrat- 
ing turbine blade is the same as for a non-vibrating blade. 


6. Output related to demand on unit. As flow rates increase, 
causing greater loads on control means, the rotor output increases 
accordingly. 

7. The type of Temp-turb assembly shown in Fig. 2 has the 
characteristic of not being affected by radiant heat from a glow- 
ifig combustion chamber on a combustion heater. The sampling 
scoop and location of the Temp-turb control unit make the device 
respond to air temperature only. This condition is of importance 
when the control is mounted immediately downstream from the 
combustion heater. 

Experience to date indicates no unusual difficulties from 
a manufacturing standpoint. Any remarks on cost must 
be predicated on the somewhat limited manufacturing and 
commercial experience encountered to date. Based on this 
experience, it may be said that Temp-turb type controls 
cost no more than competitive devices. 

Concerning service life, Temp-turb controls on test have 
demonstrated that they have a trouble-free life of greater 
duration than other forms of controls used for the same 
operations. This probably is largely due to freedom from 
complexity. Two units on life test actually worked better 
after 3,000 hours than at the start of the test, due to 
“wearing in” of bearings. 

Temperature range, over which the Temp-turb principle 
could be applied, is approximately from —60°F. to 600°F. 
This is on the basis of response and durability of the bi- 
metal temperature-sensitive elements. Greater problems are 
offered in bearing design at extreme temperatures and at 
this time the bearings and their lubrication actually deter- 
mine the applicable range. On this latter basis, the range 
is about —60°F. to 350°F. 

Performance curves and mathematical relationships of 
various functions are omitted because they would be far too 
voluminous in order to be adequate. 


o 
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High-speed Multiple-point Recording of Thermocouy 
Temperatures During Flight Tests of Planes 


By I. MELVILLE STEIN, ALBERT J. WILLIAMS, Jr. and WM. RUSSELL CLARK 
Research Department, Leeds & Northrup Co., Philadelphia, Pa. 


EASURING exhaust gas temperatures in flight 
M testing large planes requires the use of thermo- 

couples of special design, and requires also an in- 
strument capable of recording, rapidly, accurately and di- 
rectly, a large number of temperatures. This problem was 
studied by special subcommittees of the N.A.C.A. and of 
the A.S.M.E. and the requirements (abbreviated) were as 
follows: 


1. Number of Points. One instrument to record temper- 
atures of at least 50 thermocouples, preferably 100 or more. 


2. Ranges and Accuracy. The temperatures involved 
range from those approaching —100°F. to those approach- 
ing 2,000°F. A limit of error of 5°F. was desired. 


8. Recording Speed. It was desired to record as many 
temperatures as possible while the plane was rapidly gain- 
ing or losing altitude. If possible, 20 or more readings in 
ten seconds, and the record to appear immediately on a 
printed chart or tape. It was recognized that without re- 
sorting to photographic recording, it might be necessary 
to allow more than one-half second per point for recording. 


4. Push-Button Operation. Switching arrangement to be 
such that, by means of push-button operation, the recorder 
could be promptly connected to any one of the many thermo- 
couples and allowed to record continuously the temperature 
of that thermocouple. 


FULL TEXT of paper presented at Annual Meeting of A.S.M.E., 
New York, Nov. 28-Dec. 3, 1943, under auspices of Aviation and 
Industrial Instruments and Regulators Divisions. 


Fig. 1. Flight Test Recorder and accessories. 


5. Flight Requirements. Instrument must operat 
the plane’s d-c. power supply; its accuracy and relia 
must not be unduly influenced by changes in level, by 
tion or by wide range of ambient temperatures. It s 
not produce radio interference and should be as sma 
light as practicable. . 


GENERAL DESCRIPTION 


Fig. 1 shows the recorder and its accessories: a multiple. 
point switch box and a small rotary converter. Weights 
and dimensions: Recorder: 110 lbs.; 18%” X 20%” y 
12%”; Switch Box: 55 lbs.; 17%” X 11%” XK 94h"; Ro 
tary Converter: 35 lbs.; 11%” X 9%” & 6”. 

The recorder proper is designed to operate from a 11)- 
volt 60-cycle supply. The switch box and one or two aux- 
iliary circuits in the recorder are designed to operate di- 
rectly from the plane’s d-c. supply (usually 24 or 285 
volts). The small rotary-converter is used to obtain the 
115-volt 60 cycle supply for the recorder proper. Total 
power requirement from d-c. supply: 220 watts continuous, 
plus maximum momentary 95 watts when all stepping 
switches are reset simultaneously. 

The recorder is provided with two ranges, one spanning 
800°F. (—100 to +700°F.) and the other spanning 950°F, 
(1050 to 2000°F.), for copper-copnic and chromel-alume! 
thermocouples respectively. These particular ranges (with 
a 350° gap) and calibrations met the requirements of a 
particular problem. If, in some other problem, temperatures 
were to be measured in the range where this gap exists, 
the matter could be handled by slightly expanding the two 
ranges (at some sacrifice of precision) to close the gap, or 
by adding a third range closing the gap and overlapping the 
other two ranges. 

The range changing is completely automatic. 

Fig. 2 is a block diagram of the recorder circuit, that of 
a null potentiometer. The recorder contains no galvanometer, 
is not affected by changes in level or by acceleration, is 
built to withstand airplane vibrations as mounted in the 
usual anti-vibration frame. The thermocouple voltage is 
modulated by a vibrating element and then passes through 
an electronic amplifier. Amplifier output is sufficiently 
powerful to operate a reversible motor, which moves the 
balancing contact on the potentiometer slidewire. Associ- 
ated with the potentiometer is a resistance-capacitance net- 
work which pr®vides appropriate damping. The vacuum 

tubes in the amplifier are all of standard types; 
their life expectancy is at least 1000 hours. 

The seven telephone-type keys at the center of 
the switch-box panel (Fig. 3) control the circuits 
of 140 thermocouples arranged in banks of 20. As 











ime j Cf Paint wht EL 7 


SLIDE WIRE 
ORIVE MOTOR 





mOoTOR 
BLOCKING 
INTERLOCK 








STEPPING & 
YNCHRONIZING | 
INTERLOCK 


many of the seven banks as desired may be cut out 
of service by throwing down the 
respective keys. These may be cut 




















t | BE ao, JENEX 


v | | 


> SLIDE WIRE 














BATTERY & 
ASSOCIATED 
circuits 


AMPLIFIER 























>= 


ROTARY 


. 0-¢ 
CONVERTOR as oy 
i 


| 
ae 
| 


CONNEG TIONS out of service in any order and, 


Be ~~~ -vecuamea,. even if all but one of the banks 
ideas curcraca. are cut out of service, the re 

| corder will continue to recycle on 
the 20 couples connected to the 
remaining bank. The bank on 
which the recorder is operating 
at any moment is indicated by 4 
signal lamp above the bank key. 


' 


| 


| RECORDER 


| 
} 
|  SWITCH-BOx 
| CH-BOX 








BANK ~IDENTIFICATION 








The longer row of signal lamps 
above the bank signal lamps i” 











REFERENCE - JUNCTION 
CIRCUITS 











STEPPING SwiTCHES 

















ANUAL— AUTOMATIC 


; dicates the particular couple, i? 
any bank, that is being recorded 
at the moment. This row contains 


PUSH-BUTTON| | 





SwiTcCr 


























Fig. 2. 


Page 26—Instruments—Vol. 17 


Block diagram of Flight Test Recorder and accessories. 


21 lamps although there are only 
20 couples in each bank. The aé- 





ment 
urfa 


| point on each bank is used for “bank identification” 
recorder chart, as will be discussed under “Operating 


.ections to thermocouples are made by means of the 
mnectors at the top of the switch-box. Each plug- 
or handles 10 couples so that there are two plug- 
tors for each of the seven banks. The “power” plug- 
tor at the extreme left handles the interconnections 
n the switch-box and the recorder proper. 
quick-acting push-button (below fifth and sixth bank 
provides push-button control of the bank switches, as 
ned in outlining the requirements. The telephone key 
below the first and second bank keys is a selector switch 
9 give control of the switching to the recorder mechanism 
pr to the push-button. 
switch-box housing is copper-lined to eliminate radio inter- 
The relays, switches and other parts in the switch-box 
ave been chosen to withstand plane service. The selector switches 
Fig. 4) are of a type which has undergone exhaustive develop- 
nent for use in automatic telephone circuits; all sliding contact 
urfaces are heavily gold-plated. 


OPERATING CHARACTERISTICS 


Accuracy, Sensitivity and Speed. The sensitivity of the 
ecorder and the readability of the chart are better than 

0.25% of the scale range and the limit of error is less 
han +0.5% of the scale range. The time required for 
ecording is 1.63 seconds per point so that all 147 points 
(140 thermocouples and 7 bank-identification points) are 
overed in four minutes. The recorder is so designed that 
1.63 seconds permits a complete null balance on each point, 

hether successive points are at nearly the same temper- 
ature or are at the extreme ends of the 10” chart. The 

onstant time-cycle makes it unnecessary to group the 
hermocouples according to their temperatures: they may 
be grouped according to the airplane’s units. 

A complete record of all 147 points is obtained without 
rowding on only an 8” length of chart. An 11” length of 
hart being always visible, at least one recording for each 
thermocouple is always visible. This is for a chart speed 
pf 2” per minute. By throwing a lever, the chart speed may 

she reduced to 4” per hour (to record continuously the 
emperature of one thermocouple). 

The normal balancing characteristic of the instrument, 
ecorded automatically by adding a pen to the print-wheel 
arriage and using an increased chart speed, is shown in 
Fig. 5 (curve marked “damped”). The balancing character- 
istic with the damping removed is shown also in Fig. 5. 
hese curves are for a chart traverse approx. 40% of full 
hart width and chart speed more than 20 times normal. 
From the damped curve, it can be inferred that for a full- 
scale traverse one-half of the 1.63-sec. time-cycle would be 
equired for the linear portion of the traverse and three- 

































Fig. 3. Switch-box, showing panel details. 











Fig. 4. Selector switch. 


tenths for the residual oscillations, giving a total of eight- 
tenths of the cycle. As may be seen from Fig. 6, more than 
92% of the cycle is available for balancing. Analysis shows 
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Fig. 5. Balancing characteristic. 


PRINT-WHEEL COMPLETES 
(ADVANCE TO NEXT NUMBER 











_ SWITCH COMPLETES 
STEPPING 





be 


\PRINT-WHEEL IN 
\contTacT with 
CHART 





PRINT-WHEEL IN 
Jcontact with 
CHART 


a 
wWASLe 


o' 







AUTOMATIC OPERATION PUSH-BUTTON OPERATION 


Fig. 6. Sequence of operations—Numbers in circle diagrams give 
time in seconds. 


also that, without damping, the oscillations would be sus- 
tained beyond the end of the cycle and would cause erratic 
operation. 


Automatic Range-Changing is accomplished in the follow- 
ing way: 

Each one of the seven banks of 20 couples may be associated 
with a different network to provide a different recorder range for 
each bank, or several of the banks may be connected to provide 
the same range while the remaining bank or banks may be con- 
nected to provide another range. For instance, if most couples 
were to be copper-copnic for measuring in the range of —100°F. 
to +700°F., the first six banks would be associated with that 
range on the recorder and the seventh bank would be associated 
with the range of 1050 to 2000°F., calibrated for chromel-alumel 


couples. In that case, as part of the automatic cycling operation, 
the range remains unchanged when switching between banks until 
bank No. 7 is reached and then is changed automatically. When 
bank No. 7 has been recorded and the recorder is switched to 
another bank, the range automatically changes back to the lower 
one. The automatic range-changing applies also to push-button 


operation. 


Automatic Reference-junction Compensation. The four- 
teen plug-connectors (see Fig. 3) which bring the thermo- 
couple leads to the switch-box connect to fourteen recep- 
tacles built into a “thermal equilibrium” chamber in the 
top of the switch-box, which keeps all of the reference junc- 
tions at the same temperature (regardless of what that 
temperature may be) and houses one or more resistance 
type automatic compensators for this reference-junction 
temperature. 


Bank Identification. The numerals 1 to 7 inclusive, at the 
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left of the chart, Fig. 7, are usea tor bank identification. 
Each of these points occupies a specific position on the 
chart. The fact that each of these identification markings 
appears in its own particular position on the chart verifies 
that there is complete synchronization between switching 


and printing mechanisms. 

The bank identification is accomplished in the following man- 
ner: On bank No. 1 there is no thermocouple connected to the 
No. 1 switch-point. Instead this switch-point is connected to an 
electrical network so arranged that the recorder print-wheel prints 
No. 1 at a specific location on the chart assigned for the identifi- 
cation of the No, 1 bank. Likewise, in bank No. 2 there is no 
thermocouple connected to the No. 2 point on the switch, the con- 
nections to the No. 2 point again being made to a network which 
causes the recorder print-wheel to print the numeral 2 at a place 
on the chart specifically assigned for the identification of the 
No. 2 barik; and so on for all seven banks. 
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Fig. 7. Portion of recorder chart, approx. actual size. The 8” 
section of the 11”-scale-width 12”-paper-width chart, which is 
discussed in detail in the full text, is larger than this page. 
However, the small portion here reproduced includes three of the 
seven ‘Bank Identification’’ points and close examination suffices 
to bring out the ‘“‘particular positions’’ explained in the abstract. 


Push-button Operation. When the stepping switches are 
operated by push-button, there is an advance of one posi- 


tion for each operation of the button. 

Obviously, when the switches are operated by push-button all 
synchronization between the switching and the recorder printing 
is lost so that when the control of the switching is returned to the 
recorder mechanism, some provision must be made to resynchron- 
ize the switching and printing. This is accomplished by an elec- 
trical interlock between the print-wheel and the automatic selector- 
switch advancing mechanism. Under automatic operation the 
selector-switches are always started from the No. 1 position and 
by means of the interlock the switching is not allowed to start 
until the print wheel is ready to print the numeral “1.” By itself 
this simple interlock feature is not entirely satisfactory because 
even though the first active selector switch were thus synchronized, 
the remaining ones might be out of synchronism because of having 
been left in random positions as the result of push-buton oper- 
ation. Of course, after a full cycle, involving the automatic oper- 
ation of all seven selector-switches, the synchronization would be 
complete, but this might require 4 min. which is much too long. 
This delay is overcome by causing all selector switches to “clear” 
automatically at the time the switching control is transferred 
from “push-button” to “automatic.” The “clearing” operation sends 
all selector switches to their No. 1 positions in a maximum of 6 
sec. Automatic synchronization of the print wheel, which follows 
immediately, requires a maximum of 34 sec., so that total time 
for complete synchronization varies from less than 1 sec, to a 
maximum of 40 sec. 

Under push-button operation, the selector switches are stepped 
quickly from one couple to another without waiting for the re- 
corder to balance and print. Hence, the recorder might be attempt- 
ing to rebalance at the instant the print wheel was in contact 
with the paper, causing damage. This problem was met by inter- 
locking the balancing motor with the print wheel, so that when 
the print wheel is in contact with the chart the balancing motor 
cannot operate. This interlock is unnecessary during automatic 
operation from the recorder. See Fig. 6, diagram marked “push- 
button.” 


‘ 
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Grounding of Thermocouples. In some applicat 
couples are not in contact with metallic struct 
others they are. It was necessary to arrange the m 
circuits so that satisfactory operation could be 
under either condition. 


OPERATING EXPERIENCE 


During the many months involved in the development 
the recorder the selector switches were subjected to map 
thousands of operations and not a single failure was 
corded. The automatic compensator for reference-j unctig) 
temperature was subjected to ambient temperatures ag |p 
as 0°F. and no error outside the tolerance claimed for thd 
instrument was observed. There is a lag of one hour betweg 
the time a temperature change is made at the exterior an 
the time when one-half of such change is effected in th 
interior of the “equilibrium chamber.” This high degree of 
lagging is a fairly reliable indication that ambient tempe. 
atures lower than 0°F. will not cause appreciable erp, 
under expected service conditions. 

In actual flight service at altitudes to 35,000 feet, th 
ambient temperature at the recorder was as low as —20°}, 
and this did not appear to affect the instrument operatiq, 
Accelerations caused no apparent effect on any part of th 
instrument. 

AVAILABILITY. This new recorder is not now in commerci) 


production and is available only in limited quantity for vey 
urgent war problems. 





The Application of Laboratory Test 
Data to New Design 


Abstract of paper presented at joint meeting of Society for 
perimental Stress Analysis and Applied Mechanics Division of th 
A.S.M.E:, New York, Nov. 28-Dec. 3, 1943. 


By R. G. ANDERSON 
Aluminum Company of America, Cleveland, Ohio 


This paper deals with the application of publishe 
mechanical properties of material to new designs. Ther 
exists a lack of understanding in the engineering profe 
sion regarding the procedure followed in obtaining thes 
properties and the scope of their application. The published 
properties of material must be considered as the ultimat 
properties as they have been obtained from test specimen 
ideally produced. The data obtained from these test speci: 
mens have little bearing on the mechanical characteristics 
of machine parts made from the same material and given 
the same heat treatment due to irregularities in design, 
fabrication, application, etc. The size of specimen and type 
of fatigue test has direct influence upon the fatigu 
strength of a material. A brief outline showing limitation 
of properties obtained on laboratory test specimens is give) 
in order to show why these properties cannot be applic 
in new designs without correction factor. The effect o 
elevated temperature on the mechanical properties togethe 
with the stress redistribution due to elevated temperatur 
is shown. 

An allowable working stress range diagram is given ft 
aluminum alloys. The shape of this diagram can be of 
tained by means of a direct stress fatigué testing machin 

From experience with actual machine parts, we must col: 
clude that stress calculations by text-book methods ar 
wholly inadequate unless we make due allowance by tht 
use of some rough empirical correction factors found } 
experience. 

Fatigue tests on full-scale machine parts which hav 
been properly organized reveal fundamental informatio 
and evaluate material design, and process of manufactur 
The present practice of designing to large factors of safet! 
is justified where the number of units produced is small 
Where cost and weight is all-important, parts of machiné 
should be designed with accurate knowledge of the strength 

Stress analysis of the part together with ful! -scale 
fatigue testing is productive of low cost and low weizht. 

While this paper pertains primarily to aluminum allo 
the analogy holds for other materials in most cases. 
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test speci The answer to countless design problems _ seals, expansion chambers, rotating shaft 
racteristic is the Sylphon Seamless Metal Bellows. _ seals, packless glands and for endless 
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Application of the ‘‘Moist-o-graph’’ to slasher at Gilt Edge Textile Mills, New Bedford, Mass. Note small moisture roll over yarn beam. 


Electronic Instrumentation in the Textile Industry 


By STEPHEN T. HERR, Providence, R. I., Branch of The Brown Instrument Co. 


HE title of this paper is meant to convey the idea 

that we are to discuss the application of electronic 

instruments to the machines and processes of the 
Textile Industry. It does not mean that we are going to 
delve into the details of electronics as a science. 

When the present war is over, we anticipate the appli- 
cation of many proven electronic principles to industrial de- 
vices that feel, see, count, hear, inspect, record and control 
heat, light, time, and power. They promise the ultimate in 
labor-saving devices, performing hundreds of routine jobs 
and others for which human senses are too slow. The war 
has precipitated the development of electronic devices, and 
to a large extent it will have paid for them so that the 
resultant post-war devices will actually be a by-product of 
a war-depleted industry. The vast electronic industry that 
has been built up in recent years might never have been 
achieved, even in the minds of the most optimistic, if it had 
to depend entirely on the industrial market. 

Although we are looking forward eagerly to this new 
Era of Electronics, we do not mean to imply that all of 
this is totally new. Some of it will simply be an improve- 
ment of design, or availability, of units that have already 
been introduced to a limited extent in industry. Because 
the future is so strictly veiled in military secrecy, it will be 
necessary for us to limit our present discussion to the latter 
classification with the hope that these will serve as ex- 
amples of greater things to come. 

One of the most widely adapted of the electronic prin- 
ciples to the Textile Industry is the phototube—a vacuum 
tube whose grid element is responsive to a ray of light. 
Any interruption or variation in the source of light changes 
the flow of electrons in the tube and thus permits its ap- 
plication to countless measuring and control devices. One 
such application is the spectrophotometer which can ac- 
curately distinguish two million shades of color and auto- 
matically record them on a color graph. Used as a control 
of color shades in textile dyeing, it has great possibilities. 

Another photoelectric device that has had only limited 
application to date is an automatic weft straightener. This 
unit may be applied to tenter dryers where the fabric is of 
such a nature that the weft threads must be kept straight 
as a quality requirement. In order for an operator to do 
this, the tenter must not run at a speed greater than the 
limits of his own vision, and even then it is a difficult and 
nerve-trying task. With automatic weft straightening con- 
trol, the phototube scans the individual weft threads with 
incredible speed and precision: 7000 threads per second in 


EXTENDED ABSTRACT of paper presented at Annual Meet- 
ing, New York, Nov. 28-Dec. 3, 1943, of A.S.M.E., under auspices 
of Textile Division. 
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a fabric having 80 weft threads per inch and running t 
the rate of 140 yards per minute—and this is by no mean 
the maximum. 

Inexpensive photoelectric switches have been purchase 
by the thousands and applied by individual mill men in ac. 
cordance with their own imaginative ingenuity to dozens of 
inspection, limit, and safety control tasks that have bea 
to the decided advantage of all concerned. 

In considering the application of electronic instruments 
to the Textile Industry, perhaps the most important field 
will be in the measurement and control of moisture. Mois- 
ture content of yarns and fabrics is a prime consideration 
of all textile manufacturers, and the frequent dampening 
and drying to which the materials are subjected can ani 
does play an important part in final fabric quality. To 
much moisture is just as harmful as too little in many 
stages of production. But manufacturers have had no hap- 
py choice between “wet” and “dry” because there has been 
no reliable means of measuring and controlling the distinc. 
tion between them. They have therefore taken the only 
course open to them, which is to adjust machine speed: 
and temperatures at such values as to assure sufficient dry- 
ing, even though this may be done at the expense of quality, § 
efficiency and production. 

Electronic instrumentation offers certain relief to thi ™ 
blind spot in textile manufacture in the form of instruments 
which are capable of continuous measurement and contr 
of moisture content in cotton and rayon materials. Such 
instruments are equally well adapted to any type of dryer, 
but I believe it will serve our purpose best if we select one 
type of dryer as an example. A cotton slasher is a go0 
subject, for it is the first dryer in the chain and can there 
fore be responsible for final fabric quality regardless of an) 
subsequent processes. The purpose of a slasher is to pre 
vide a mechanical protection for the warp threads agains 
the stresses of weaving. To accomplish this the warp } 
impregnated with a starch and oil solution, known as siz 
and then passed over steam-heated cylinders for drying 
The amount of moisture left in these warps determine 
their strength and pliability, and therefore the efficient) 
with which they may be woven. The most important var: 
ables that affect the rate of drying are: 

. Surface temperature of drying cylinders. 

. Speed of yarn travel over cylinders. 

3. Weight of the warp being dried. 

Depth, and therefore time, of immersion of warp in 


5. Temperature, and therefore viscosity, of size solution 
3. Ambient temperature, humidity and air motion. 


Automatic control of five of these six variables ha 
available for a good many years, and most mills hav 
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(Above) The new internal-pivot bearing construc- 
tion. (Right) Top bearing (pivot and jewel) mag- 
nified 20 times. Note strong, solid construction. 


WHY mis pearine 


CONSTRUCTION INSURES 
LONG-TIME SERVICE... 


N THESE new G-E instruments, the pivots are solidly mounted 
on the inside of the armature shell instead of being cemented 
to the outside of the armature winding. The result is a rigid construction that helps 
to maintain accurate alignment. 


The steel pivots, highly polished, are of the aircraft type, larger than normal. 
This means less stress onthe bearing surfaces and a construction that will stand 
rough treatment and shock. 

_ The pivots rotate in low-friction, highly polished, glass vee jewels—one mounted 
rigidly in the top of the frame-and-core assembly, and the other mounted in a 
movable lower jewel sleeve located in the soft-iron core. 

_This combination—accurately formed, hard-glass jewels and large-radius steel 
Ppivots—provides a co-ordinated bearing that has proved, by field tests, to be 
excellent from the standpoint of long life and ability to withstand vibration. 


Thin, Strong, Accurate Instruments 


1. Thinness is obtained by solidly mounting the pivots on the inside of the 
armature shell. Most instruments are approximately one inch deep. 

2. Strength is obtained by short, solidly mounted, large-radius pivots and the 
extra-strong over-all case. 

3. Sustained Accuracy is insured by the featherweight moving element, com- 
bined with high torque and permanent alignment of all parts. 

For ratings, prices, and dimensions, ask our nearest office for Bulletin GEA-4064, 
wh h covers instruments for use in radio and communications equipment; or 
Bu letin GEA-4117, which describes those suitable for naval aircraft. General 
Electric Co., Schenectady, N. Y. 
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The Brown Instruitnent Co.’s ‘‘Moist-o-graph.”’ 


trolled some or @ll of them. But:the sixth one, relating to 
air temperature, humidity, and motion surrounding the 
warps, has remained uncontrolled and, unpredictable until 
recently. And in the meantime, in spitéof the considerable 
aid given by laboratory and instrument control of some 
variables, moisture content of the warps has remained as 
elusive and uncontrolled as ever. Elaborate schedules of 
temperature and speed for a given weight of warp have 
been established by laboratory test as standards. by which 
moisture content may be predicted. But such a schedule 
established on a sunny afternoon in June may not be de- 
pendable that same night, or the next day if it rains, and 
it certainly will be unreliable the following winter. Thor- 
ough temperature-speed-weight schedules require so many 
“ifs” depending on the weather that simplified schedules 
designed to produce safely dry warps under the worst con- 
ditions have been accepted as general practice. The warps 
thus produced seldom have more than 4% of moisture and 
must therefore be further conditioned before they may be 
woven with any degree of efficiency. This conditioning is 
accomplished with a humidifying system in the weave room 
which, in a cotton mill, maintains tropical temperatures 
with which to hold in suspension relative humidities that 
range up to 85%. Subjected to this damp fog, the warps 
regain some of the moisture. they lost on the slasher and 
although it is a roundabout way of doing it, the net re- 
sult is generally satisfactory. 

From what has-just been said it must be apparent that 
although a.slasher may be designed to condition warps, 
the limitations of human judgment require that it actually 
be used as a dryer. And because it is used as a dryer we 
have several attendant evils which combine to increase the 
production cost per yard of greigh goods. Slow and “safe” 
slasher speeds produce fewer pounds of warp per pound 
of steam, per man hour, and per machine hour than the 
theoretical speeds at which the slasher could be run if the 
danger of wet warps could be avoided. Expensive repairs 
to woodwork and machinery in the weave room, due to ex- 
cessive condensation of humidity-laden air, could be greatly 
reduced if the humidifying system could be relieved of its 
pumping dutigs and serve simply to maintain warp con- 
ditions established on the slasher. Because these conditions 
exist and are fully recognized, various instrument manu- 
facturers have accepted the challenge of mill men to do 
something really constructive about it. Several direct- 
reading moisture controls have been offered as a solution 
to this problem but the Moist-o-graph, built by the Brown 
Instrument Co., has met with the widest general acceptance. 


The Moist-o-graph employs an electronic circuit which 
permits this unit to measure extremely high electrical re- 
sistance values accurately and consistently. Exhaustive 
tests by independent authorities have established the fact 
that a definite relationship exists between electrical re- 
sistance and moisture content of a variety of materials, in- 
cluding cotton and rayon. It has therefore been possible to 
calibrate the Moist-o-graph in terms of percent of moisture 
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_airplane motor geared up to the wheels of an ice wagon 


and thus provide a new tool for the direct measuren« 
control of this previously elusive factor. When appli 
slasher, a small metal contact roll rides on the warp 
delivery end of the machine. 
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measuring circuit is connected to this control roll ond it 
is responsive to the current which can be passed throug) 
the warp from an independent low-voltage source. T} cur. 
rent which passes through is a measure of the electrica) 
resistance, and therefore moisture content, of the warp, 
These currents are extremely small but they are as readily 
detected in this unit as similar energy waves are detecte; 
in a radio receiver, and in the same manner are amlifieg 
and put to useful work. By providing the instruments wit} 
a set of control contacts, and the slasher with a suitable 






variable-speed drive, it is then possible to set the contro} 
point at any desired moisture content and the unit wil 
automatically maintain this value by adjusting slasher 
speeds as required. In order to obtain maximum benefit 
from the Moist-o-graph it is recommended that size prepa. 
ration, size box temperature and level, and cylinder temper. 
ature or pressure should all be under automatic control. 
The Moist-o-graph then acts in the capacity it was designed 
for, which is to compensate by speed corrections for the un. 
predictable variations that cannot otherwise be controlled 
Warps may then be produced with a uniformly high per. 
cent of moisture at slasher speeds that are limited only by 
their mechanical ability to function efficiently at high speed 
levels. The conditioned warps thus produced have maximum 
strength and flexibility; they’ will weave with maximum 
efficiency at greatly reduced atmospheric humidity; and are 
delivered to the finisher as a soft and pliable fabric in 
ideal condition for further processing. 

We could perhaps follow the greigh goods we have just 
processed into the wet and dry finishing mills, and by ap- 
plying the Moist-o-graph to tenters, can dryers, loop dryers, 
callenders, etc., we could perhaps further demonstrate pro- 
duction, quality and efficiency benefits. But this would sin- 
ply by a repetition of the point I have tried to make, which 
is that moisture requirements have been a retarding factor 
in the manufacture of textiles, and electronic instruments 
now available point the way to a revision of our current 
sense of values and ideals. I say that these developments 
point the way to a solution of our problems, rather than 
say they are the solution, because their successful appli- 
cation largely depends upon the characteristics of the ma- 
chines and processes to which they are applied. A 2000-hp. 































is certainly a ridiculous application of potential energy 
available. But if we streamline the wagon, and put wings 
on it, we may then obtain full benefit from the engine. In 
a somewhat lesser degree, electronic instruments and de 
vices may be compared to much of our present process 
machinery, and the promised miracles of electronics cannot 
become universally available until industry and machines 
are revised to accommodate them. 











ELECTRONIC DEMONSTRATION 
[An instrument exhibit was set up and Mr. Herr ez- 
plained the operating principles. The following is a brie/ 
summary of some of his remarks.] 













Electronic circuits have been applied to the pyrometer; 
the galvanometer has been replaced by a vacuum tube; and 
the useful measuring field of the thermocouple now extends 
from top to bottom of all known degrees of heat and cold. 
This development not only permits the application of the 
rugged simplicity and flexibility of a pyrometer system 
the low-temperature fields, it also brings a new high order 
of precision and speed of measurement which is character 
istic of all electronic devices. 

Although the advantages of this electronic measuring 
system over the conventional thermometer are multi-dimen- 
sional, and its application is practical in many low-teM- 
perature processes, its universal application is still governed 













by the limitations of men and machines. It is therefore 






er- 


something for tomorrow, rather than today, but it is neve . 
theless an example of the kind of development the Er. © 
Electronics will produce. 
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tional error, it is important that instru- 
ments be maintained in a reliable con- 
dition. Where the work is not sufficient 
to fully occupy one man, the selection 
of an individual for this work should 
consider his usefulness for related 
work such as testing and adjustment 
of dryers, supervision of steam, water 
and power distribution, air condition- 
ing, or conservation work on these 
services. In fact, a key to a successful 
instrumentation program is a perma- 
nent organization unit to carry out this 
function and to coérdinate allied work. 

Several different conditions may vary 
during a process operation. It is im- 
portant to identify the condition whose 
measurement gives the best guidance 
to an operator or the most effective ac- 
tuation of an automatic controller. In 
a can dryer the thermal condition in 
each unit is indicated either by direct 
temperature measurement or by meas- 
urement of the steam pressure in the 
can. Although pressure measurement is 
simpler and cheaper, and pressure con- 
trol is faster and more positive than 
temperature control, the measurement 
and control of temperature itself is not 
difficult. Since abnormal conditions, 
such as air inside a drum, can upset 
the normal relationship between tem- 
perature and pressure, direct measure- 
ment of temperature is often preferred. 

A simple operating indicator such as 
a pressure gage, thermometer or speed- 
ometer is frequently sufficient. In oper- 
ations where trends are simple and 
fluctuations are slow, occasional ob- 
servation by the operator permits the 
necessary adjustment. In some cases 
secondary instrumentation by an indi- 
cator is installed for trouble shooting. 
For example, if heating cycles stretch 
out, a steam pressure gage on the main 
shows if the cause is low steam pres- 
sure. 

Recorders are used on important or 
more complex operations where a his- 
torical record is desirable. A recorder 
is invaluable in connection with auto- 
matic control of a difficult process be- 
cause of its aid in adjusting the con- 
troller. Recorders are particularly use- 
ful where measurements are constantly 


CONTROLLER 


FIG, | 








fluctuating and a correct average con- 
dition is to be maintained. On impor- 
tant operations they give the depart- 
mental supervisor a record of the 
performance of his operators and equip- 
ment, and in cases of production trou- 
bles they are useful in tracing causes. 

Integrating instruments are of prin- 
cipal value for accounting records, such 
as steam, electricity or water consump- 
tion. Mechanical counters are a form of 
integrator useful for checking produc- 
tion and establishing piece work rates. 

Modern recorder-controllers (or cor- 
responding indicating controllers) in- 
clude the most highly developed control 
mechanisms on the market. They should 
be used whenever the best control per- 
formance is wanted. Cost differences as 
compared with combinations of inde- 
pendent controllers and recorders are 
usually unimportant, 

Where operations are critical, and 
where the primary or sensitive element 
is exposed to damage or corrosion, a 
separate indicator should be used as a 
check instrument. If a number of asso- 
ciated temperatures are to be checked, 
an indicating potentiometer wired to 
several thermocouples, or an indicating 
type of Wheatstone bridge wired to 
several resistance thermometers, pro- 
vides convenient, low-cost service. 

Variables are frequently controlled 
through the addition of control mech- 
anisms to measuring apparatus. Such 
controls may be self-operating, employ- 
ing energy furnished from the process 
itself; or they may be servo-operated, 
utilizing power from electricity or air, 
water and the like. Servo-operated con- 
trollers are always more sensitive and 
precise, and are substantially the same 
in reliability as self-operating devices. 
The trend is definitely toward more 
extensive use of servo controls. 

Although an operator with an indi- 
cating instrument can perform some 
functions as well as an automatic con- 
troller, no operator can match modern 
instruments in repeating identical cy- 
cles, and in many continuous processes. 
A good recorder-controller will start 
corrective action before its own pen 
has started to move, and before an in- 
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dicator will have made a readable rp. 
sponse to guide an operator. Howeye, 
good practice provides for manual op. 
eration also. 

The use of automatic control is ingj. 


cated in the following cases: 

1. Regulating functions require 
constant attention. 

2. Fluctuations are too rapid for many) 
control, or so slow and complicated that an 
operator cannot foresee what he must qj 
for a future correction. ; 

3. Regulating device is too large or re. 
quires too much power for manual contro) 

4. Lapse of operator’s attention woul 
cause substantial loss in quality or capacity. 

5. Operating labor can be saved or lower 
grade operator can be used. 

6. When control should be centralized. 


TYPE OF CONTROL REQUIRED 


The major technical requirements of 
a controller which determine the contro 
action which it should provide are (1) 
Fast correction of a deviation in the 
controlled variable; and (2) Adequate 
stability. Needless to say, it must als 
be thoroughly reliable. 

No simple procedure has yet beep 
developed for making quantitative pre 
dictions of stability, except in the sin- 
plest situations. 

Process properties, valve characteris. 
tics and controller adjustments—all de. 
termine the performance of the system, 
The process properties which influenn 
control are of only four basic kinds: 
capacitance, resistance, dead-time and 
self-regulation. The numerous lags and 
capacities can all be reduced to variow 
combinations of capacitances, resist- 
ances and dead-time. Self-regulation is 
an independent property. 

Fundamentally, every automatic con- 
trol problem is one of regulating the 
transfer of energy or material. Tem- 
perature control usually involves the 
regulation of heat energy exchange; 
pH control deals with the transfer of 
materials, as does flow control. Pres- 
sure control is accomplished in some 
cases by heat exchange and in other 
by the exchange of materials. Speed 
control involves the transfer of me 
chanical energy. 

The significance of the generalized 
properties which we term capacitance 
and resistance can be developed by ref- 
erence to a standardized figure, sug- 
gested by the heat transfer analogy 
published by E. D. Haigler of Foxbor 
in 1938. 

Fig. 1 shows a simple heat exchanger. 
A heat supply liquid enters at the 
bottom left, through a controlled valve, 
flows up through the supply side and 
out again. Heat from the supply side 
passes through a heat transfer surfact 
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into the demand side of the heat ex: 


changer, through which flows the fluid 


whose temperature is being controlled. : 


The point where the temperature i 
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ad-time. This process also possesses 
p|f-regulation. 

An analogous situation is illustrated 
» Fig. 2. The process here takes the 
orm of a hydraulic system wherein 
e volume, weight or stored energy in 
e demand side is to be controlled by 
neans of an instrument which is here 
own responsive to the pressure at 
e bottom of the demand side column 
f liquid. The process capacitances, re- 
istances and dead-time are directly 
alogous to the previous heat transfer 
ase. However, the dead-time is negli- 
ibly short, it being only the infinitesi- 
hal period required for a pressure wave 
» propagate from the tank to the 
ontroller. This process also possesses 
elf-regulation. 

Fig. 3 illustrates self-regulation. The 
rst tank is self-regulating. If the 
ontroller were not working and the 
flow were too great, the head would 
crease until the outflow through the 
xit orifice would equal the _ inflow. 
he second process possesses no self- 
egulation. The out-flow, being handled 
y a positive-displacement pump, is 
ot affected by the head. In the ab- 
ence of control, any slight deviation 
the inflow from equality with the 
utflow will produce a_ continuing 
hange in the level. 

The foregoing are the basic proper- 
ies of all processes which must be con- 
idered in analyzing or judging con- 
ollability. There has as yet appeared 
ho tool-box method for quick and easy 
dvance determination of the control 
behavior of a process, except the sim- 
blest types. By reference to the next 
ew figures we can review typical com- 
binations of process properties which 
make for ease or difficulty in control. 

Fig. 4 shows the heat exchanger 
brocess again, all properties being ar- 
anged to make control easy. Its supply- 
ide capacitance is small; the resistance 

s small; the demand-side capacitance 

s large; there is no dead-time between 
the demand side and the bulb; and the 
bulb capacitance and resistance are 
both negligible. Temperature control in 

n open water tank provides an exam- 
ble, particularly if the water is heated 
by direct steam injection. Another case 
s control of water level by means of 

float type controller. A third example 

s temperature control in a steam- 

eated dryer with good air circulation 

nd good heater and bulb characteris- 
ics. 


If we shift the partition to the right as in 
ig. 0, We make the process more difficult 
0 control. The supply-side capacitance has 
become large and the demand-side small. 

typical example is temperature control 
n an open heater tank heated by a steam 
oil of excessive heat storage capacity. It 
hould be recognized that temperature con- 

rol in a storage type water heater (a 
hell around a steam coil) is often erratic 
pn account of the absence of stirring to 
maintain uniform conditions. 

In Fig. 6 the resistance has been in- 
teased, thus making the process more dif- 
cult to control. An example is tempera- 
ure control in a jacketed size kettle heated 
by hot water in the jacket. 

In Fig. 7, the identical process has been 
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High supply-side Capacitance 
High resistance 
Low demand-side capacitance 


made difficult to control by the introduction 
of a bulb of high capacitance, and with 
high resistance around it. 

Fig. 8 illustrates the manner in which 
dead-time makes control difficult. Here, the 
process has been changed only by moving 
the bulb downstream. A large dead-time 
has been introduced, A continuous steam- 
to-liquid heat exchanger is an example, 
with liquid flowing through a coil in a large 
steam space. In such a heat exchanger, a 
temperature-responsive bulb at the coil out- 


High dead-time 
High bulb resistance 
High bulb capacitance 


let does not get the full effect of a change 
until time enough has elapsed for liquid to 
flow the full length of the coil. 

Finally, we have everything gone 
wrong! (Fig. 9). The supply-side ca- 
pacitance is large, the transfer resist- 
ance extreme, the demand-side capaci- 
tance small, large dead-time, and a bulb 
installation which includes all the bad 
features. (Concluded on page 76) 
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Radiation Pyrometry in Turbosupercharger Testing 


By VICTOR P. HEAD, Supercharger Engineering Division, General Electric Co., West Lynn, Mass. 


ITH increase in operating temperatures and speeds 

WV of turbines such as are used in turbosuperchargers, 

the demands for turbine wheel and bucket tempera- 

ture measurement have become increasingly exacting. Re- 

quests appear for such measurements under operating con- 

ditions with measurement tolerances varying from +50°F. 

in flight test to +5°F. in certain ground tests. This paper 

outlines the procedures used for measurements ranging 
from as low as 300°F. up. 


ALTERNATE PROCEDURES AND THEIR RANGE OF APPLICATION 


1. Optical Pyrometry. Bucket hot-spot temperatures 
have been determined with a monochromatic optical pyrom- 
eter of the disappearing-filament type. Above about 1400°F., 
such readings have been accepted with an allowance of about 
+30°F. 

2. Fusible alloys. Temperature vs. radius curves on the 
wheel have been obtained with fusible alloy plugs with 
accuracy limited by the interval between consecutive melt- 
ing points of the alloys available. Maximum temperatures 
during the tests, rather than instantaneous values, were 
obtained and have been valuable in determining wheel op- 
erating temperatures with various cooling methods. 

8. Fusible compounds. Fusible compounds commercially 
available as pellets with melting points at 50°F. intervals 
have been used to give wheel temperatures vs. radius curves 
with a probable error of 1% or 2% of the absolute tempera- 
ture. Again the indications represent maximum values, but 
the pellets are made to indicate approximate instantaneous 
values by approaching the desired test temperatures grad- 
ually with no overshoot. 

4. Contact thermocouples. Base metal thermocouples 
peened into the wheel at various radii have been used suc- 
cessfully with slip-rings to give instantaneous readings in 
comparing cooling methods, but speed limitations and com- 
plexity of rotating parts have prevented the more general 
application of this procedure. 


GENERAL METHODS AND APPLICATIONS OF THERMOELECTRIC 
RADIATION PYROMETRY 


Thermoelectric radiation pyrometers commercially avail- 
able have been applied to give the local temperatures at 
wheel rim and bucket surfaces within about +50°F. at 
1000°F. and with increase in accuracy at higher tempera- 
tures, by appropriately mounting and cooling, The area of 
the spot observed has been varied arbitrarily by the proxi- 
mity of the pyrometer to the “target” (wheel or bucket 
surface) or the size of aperture or the use of lenses. A 
knowledge of the pyrometer jacket temperature as well as 
the pyrometer output has been required, and the use of 
a cooled shutter for determining the magnitude of the “zero 
drift” (described in the section entitled “Theory”) has 
helped to facilitate the readings. In flight tests conducted 
by the General Electric Co. and Boeing Aircraft Co. in 1941, 
adequate results were obtained by scooping atmospheric 
air to coo] the pyrometer mounting and prevent soot accu- 
mulation, where a spread of 50°F. in the observed tempera- 
tures was permissible. The pyrometers used were of the 
glass-bulb vacuum thermocouple type (1)*. 


APPLICATION OF PRECISION THERMOELECTRIC PYROMETERS 


Thermoelectric pyrometers commercially available have 
been adapted to meet recent exacting demands for greater 
accuracy at lower temperatures. Calibration repeatability 
within +5°F. over a range of temperatures from 600°F. 
up has been obtained. The inherent error of base-metal 
thermocouples used to measure the calibrating target tem- 
peratures has limited the absolute accuracy obtained. 

Proper arrangement of an experimental miniature pyrom- 


FULL TEXT of paper presented at Annual Meeting of A.S.M.E.. 
New York, Nov. 28-Dec. 3, 1943, under auspices of Aviation and 
Industrial Instruments and Regulators Divisions. 

*Numbers in parentheses refer to bibliography at end of paper. 
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eter has permitted instantaneous readings of wheel ay 
bucket temperature during test, and is now being employa 
as a guide for the control of test conditions when arbitrary, 
temperature-vs.-radius curves are desired. 

The arrangement may be applied to the temperaty, 
measurement of gases and vapors by sighting into the ey 
of a long “honey-comb” (2) in a well-lagged duct through 
which the gas may be passed. 

The static temperature of hot gases at high velocity may 
be measured by replacing the optical pyrometer of Kuri. 
baum’s Flame method (3) with a precision thermoelectriy 
radiation pyrometer. One possible arrangement is suggest 
in Fig. 1, in which the manual adjustment of a sing) 
resistor permits variation of a background temperatyy 
until the actual and indicated background temperatur, 
are equal, when the indicated temperature will be actu;) 
gas static temperature, regardless of gas emittance. 

It is proposed that the arrangement may be used as, 
secondary standard in the calibration of base-metal therm. 
couples, thermometers, and the like, for temperatures aboy 
1000°F. 

It is conceivable that rigorous application of thermo. 
electric radiation pyrometry theory may permit sharpe 
definition in the International Centigrade Temperatur 
scale at elevated temperatures, reducing the spread er. 
tailed by the brightness-comparison methods of optical 
pyrometry, since the “readability” of the output increase 
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PRECISION 
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Fig. 1. Proposed adaptation of Kurlbaum’s Flame Method to 
static temperature of high-velocity high-temperature gases not com- 
pletely transparent. 

A—Ammeter calibrated for filament temperature. 


V—Galvanometer indicating filament temperature by thermo- 
a Pyrometer output, calibrated with clean, dry cold 
air in duct. 


R—Manual filament temperature control resistor. 
g¢—Pyrometer sight angle, completely subtended by filament 
surface. 


(a) 


PYROMETER 


POSITION INDICATOR 
-WATER-& AIR-COOLED 
.4 PYROMETER MOUNTING TUBE 


“WATER-COOLED REFERENCE TARGET 





J 
TURBINE — “HOT GAS STREAM 


ao SN 4. 


il 


' 
TARGET a 


(a) Typical installation of pyrometer mounting for turbine whee! 
traverse. 


(b) Mounting arrangement for a commercial vacuum type Py 


(b) 


Fig. 2. 


rometer; A—Pyrometer; B—‘‘Heat Mass’ (extra-heavy pipe) ; 
C—Thermal insulation; D—Cooling water passage; E—Air pass- 
age; As weed leads; Lj—Pyrometer jacket thermocouple 
leads; gt lid angle of sight. 
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ith approximately the third power of the measured tem- 
erature. 

An interesting application is the measurement of pres- 
ure at high vacuum, using a target of constant tempera- 
ure such as a lamp with controlled voltage, and connecting 
he pyrometer chamber to the vacuum to be measured, as 
escribed further under “Tests.” 


ARRANGEMENTS 


Fig. 2 shows the arrangement of a mounting used in 
high-velocity hot-gas stream. The commercial pyrometer, 
n evacuated glass-bulb type, was wrapped in aluminum 
oil and encased in a heavy-walled tube of high thermal 
onductivity and high specific heat, which acted as a heat 
‘fly wheel” to prevent sudden changes in pyrometer tem- 
erature. A thin layer of thermal insulating material sup- 
orted the massive tube within a cylindrical water-cooled 
uter jacket. An additional jacket carrying air prevented 
oot accumulation at the sighting aperture. A water-cooled 
eference target permitted zero drift observation, and 
ven with the best combination of heat capacity and thermal 
nsulation, corrections amounting to several times the full- 
cale reading of the galvanometer were frequently required. 
or this purpose a zero-drift compensator was inserted in 
he pyrometer circuit, Fig. 3, so that by introducing the 
roper electromotive force, the galvanometer could be rap- 
dly set to zero. The reflection of extraneous radiation from 
he surface of the reference target left this adjustment open 


P R, Fig. 3. Rapid zero-drift com- 
pensator for precision thermoelec- 
R, tric pyrometer circuit. 
P—Pyrometer ; 
G—Galvanometer or potentio- 
meter ; 
R,—Low-resistance slide-wire ; 
Ro—High resistance ; 
V—Dry cell. 





© some question, and the necessity for the elimination of 
ero-drift, together with the need for reduced bulk in the 
yyrometer mounting led to the development of the minia- 
ure radiation pyrometer of Fig. 4. 

Fig. 4 shows the essential features of a thermoelectric 
adiation pyrometer embodying the theoretical requirements 
or precision. Tests conducted on a model of this type show 
hat its repeatability is well within the limits of error of 
he base-metal thermocouples employed in calibrating. It 
ias the further advantage of small size and self-contained 
‘heat-capacity,” so that the jacket required for mounting 
na high-velocity hot-gas stream may be kept to a mini- 
mum bulk. The necessity for a cold reference target and 
ero-drift compensator has been eliminated. 

Attempts to seal this model to hold a vacuum permanently 
ave been unsuccessful to date, and the device is employed 
t atmospheric pressure. The sacrifice of high output has 
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Fig. 4. Miniature radiation pyrometer embodying precision re- 
quirements. 

a, b—Upper and lower half-jackets, serving also as thermal 
capacitance and electric conductors (commercially pure copper) ; 
c—Window glass, rock-salt, etc.; d, e—Electrical insulation; f— 
Sealing compound; g—Thermoelectric element with receiver and 
hot junction at center @ and cold junctions at pyrometer walls; 

lass evacuating and sealing tube; m—Pyrometer leads. 
, Not shown: Thermal insulation, outer cooled mounting, and 
sight limiting aperture. 


been largely offset by the relative freedom from changes 
in calibration with small changes in jacket temperature, a 
characteristic which is highly desirable. The output is 
read on a light-beam type galvanometer of portable con- 
struction having a full-scale deflection (100 mm) at about 
fifty microvolts. The characteristics of the pyrometer are 
such that a relatively small target temperature range is 
conveniently spread over the upper 90% of the scale range 
(Fig. 7, curve b). The use of a direct-reading galvanometer 
requires that there be no change in lead resistance between 
calibration and application, but no attempts to use a poten- 
tiometer have been successful. The time required to balance 
a potentiometer permitted inestimable zero-drift with the 
commercial high-output type pyrometer, and the readability 
of the potentiometers available has been inadequate for the 
miniature type. 
OUTFLUX 
RADIATION 
CONVECTION 
CONDUCTION 


Fig. 5. Idealized Radia- 
tion Pyrometer. 


APERTURE 


INFLUX 
RADIATION 
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TARGET 


THEORY OF THERMOELECTRIC RADIATION PYROMETRY 
Fig. 5 shows an idealized radiation pyrometer—a small 
receiver of low heat capacity, a spherical jacket of high 
heat capacity and temperature 7,, and a transparent win- 
dow through which a target of temperature T, may be 
“seen” by the receiver through a solid angle of ¢, stera- 
dians. We may write the steady state energy flow equation 
governing the receiver temperature T’,: 


K(T,* — T,*) =K,(T,* — T;*) + 
K,(T, — T;)¥ + U,(T, — T;) (1) 


or in words, the influx radiant energy to the receiver is 
equal to the net energy transfer from receiver to jacket by 
radiation, convection, and conduction. 

We may introduce a gross approximation for the con- 
vection term without seriously jeopardizing our qualitative 
conclusions: 

K (T, — T,)? =U, (T, — 7;).. (2) 

If the difference between 7, and T, is less than say 1% 


NOTATION 
T,— Target absolute temperature. 
T, = Absolute temperature of pyrometer jacket. 
T= Absolute temperature of pyrometer receiver. 
K,== Constant governing radiation between target and 
‘receiver, 
K,, U,=Constants governing radiation between receiver 
and jacket. 
K,,U,== Constants governing convection between receiver 
and jacket. 
U,=Constant governing conduction between receiver 
and jacket. 
¢?, = Solid angle of radiant influx from target to py- 
rometer receiver. 
y == Exponent of temperature difference applicable to 
convection between receiver and jacket. 
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TIME AFTER SUDDEN TEMPERATURE DROP, MINUTES 


Fig. 6. Zero-drift in a commercial vacuum type pyrometer. 

Solid lines: zero-drift vs. time curves produced by a sudden 
30°F, drop in cooling water temperature with seven combinations 
of thermal resistance and capacitance confined in outer jackets of 
equal size. 

Dashed line: trend of magnitude and duration of zero-drift with 
variation in jacket construction, indicated by the peaks (numbered 
points) of the solid lines. 

Point numbers go up with increase in 
of the jacket arrangements tested. 


““heat-mass’’ concentration 


of either, the receiver-to-jacket radiation term may be writ- 
ten with fair precision: 


K,(T,* — T;*) =U, T;(T, — 7,) . (3) 


On the left side of equation (1), 7, may be replaced by 
T;, since compared to T, their difference is in general 
negligible. 

We may now rewrite equation (1) to give a function 
which is more readily scanned by eye, if slightly less 
precise: 


K, T,*= (U,T,>+U,+U,) (T,—7T;) + K,7;* . (4) 


Then, in order to measure T, with precision, we must 
measure precisely a magnitude proportional to (T,, — T; ) 
and we must know T, itself at least approximately. 

Many forms of radiation pyrometers have been built in 
which radiation from a hot target is intercepted by a re- 
ceiver to produce a temperature difference between the 
receiver’s “hot” junctions and “cold” junctions located 
vaguely somewhere else. It must here be recognized that 
the criterion temperature difference is that between the re- 
ceiver and the jacket walls. Failure to locate the thermo- 
electric cold junctions at the walls leads to a time lag 
between the walls and the cold junctions when the slight- 
est drift in jacket temperature occurs. This will produce 
the ZERO DRIFT previously referred to, which in low-tem- 
perature applications may frequently amount to several 
hundred percent of the criterion temperature difference 
T.— T;, and render the output of the pyrometer meaning- 
less. This random location of cold junctions “somewhere 
else” may be largely responsible for the prevalent notion 
that radiation pyrometry is impractical at temperatures 
appreciably below 1400°F. 

Let us therefore, locate in our ideal pyrometer a thermo- 
electric element with hot junction at the receiver and with 
cold junctions at the walls, and since we will require a 
knowledge of T. — T, to within a few thousandths of a 
degree, let us use a massive high-conductivity jacket to 
assure that its temperature will be uniform throughout. 

The term K, T,,*, equation (4), will be found negligible 
for 0.1% accuracy in target temperature measurement, 
when 7’, >4T;, while a 4% variation of T, from that at 
which ealibvation was made will be negligible when T, = 
2.5T,. Thus at normal room temperature, T, may vary 
+90° F. with no effect when T, is above about 800°F., 
far as the influx of radiant energy from the target is 
concerned. 

A more troublesome effect of jacket temperature devia- 
tion lies in the variation of radiant energy transfer within 
the pyrometer, indicated by the factor U, T;*, equation (4). 
When we strive for high output by evacuating the pyrom- 
eter jacket and making the thermoelectric elements as 
slender as possible (decreasing U, and U,) we make the 
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effect of jacket teraperature change more and more critix 
By retaining a high convection rate at a sacrifice of oy 
put, and by polishing the inner jacket wall to reduce j 
we may render the effects of small deviations of jas 
temperature negligible. 






























































The coefficient K,, equation (4), is dependent upon 4 “a 
geometry of the arrangement and the “blackness” of «J sad 
target surface. It may be increased by increasing the yaly ane 
of ¢, by the change of aperture size, usually entailing , 1 per 
undesirable increase in area of the target portion views arr 
or by the use of a lens. A lens or window is never pyMi «je 
fectly transparent, and contributes to the effective jacky pea 
temperature. A large lens external to the heavy jacks gnc 
proper is, therefore, apt to present difficult temperatu ii tai 
control problems, and is to be avoided..K, may be furtheIal cor 
increased by pre-treatment of the target surface as 4 EMR tior 
scribed under “Tests.” Here repeatability of calibration ; 
even more important than the increase in output. det 
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PYROMETER OUTPUT, GALVANOMETER DIVISIONS 

rig. 7. Effects of target pre-treatment on thermoelectric radia + ¢ 

pyrometer. a 3 

a—Target polished before test. ; } 
b—Target lightly sand-blasted and preheated to 1400°F. fe i: 
Encircled test points indicate increasing temperature. t } 
Crossed test points indicate decreasing temperature. t 
Point scatter, curve b, is typical of pyrometer repeatapility. H ; 

The radiation transmission within the pyrometer may % 
reduced for increased output by polishing the inner jacke 
wall surface. The conduction factor U, has been commorl 
reduced by using extremely thin thermocouple wires «fF 
ribbons. 

The convection factor U, is a function of the shape, si 
and pressure of the jacket interior. In general, evacuating ; 
a pyrometer will increase its output by a ratio of seven«f™ “* 
ten to one. The transition of sensitivity occurs rather sud 4 rs 


denly over a limited range of pressures, through which th 
mean free path of the molecules of gas in the jacket a 
pears to be of comparable order to the linear dimensions ¢ 
the inner jacket chamber. It must be remembered that tf 
tempting increase in ouptut will demand much closer co 
trol and measurement of the pyrometer jacket temperatur 
unless the radiation factor U, T,’ can be reduced prop 
tionately. 

A rigorous analysis of pyrometer performance wil! yiely 
an equation quite different from equation (4), involvimy 
among other things an integration of a function of “mont 
chromatic” radiation “density” in a differential specttfy 
band at varying temperature with respect to the spect : 
distribution of a non-black surface, further modified by 
selective transmission of the particular window or le 
material—hardly a feasible project in wartime. It is suf 
cient to say that the result is not a fourth-power functio® 
nor is the pyrometer in any sense a “total radiation” PP 
rometer. Empirical formulae involving a temperature “Ff 
ponent between four and five have been found to fit portion : 
of the calibration curves, but they have contributed noth 
ing to the usefulness of the project. Attempts to use °qu 
tion (4) for any but qualitative considerations should ° 
avoided. 
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1. Tests of zero-drift in a commercial vacuum type py- 
rometer were conducted to determine the optimum arrange- 
ment of thermal resistance and capacitance between a 
water-cooled housing of fixed diameter and the pyrometer. 
No aperture or target was used. The criterion for zero-drift 
was the pyrometer output vs. time curve of each arrange- 
ment, produced by a sudden drop of 30°F. in water tem- 
perature. Fig. 6 shows the results obtained with seven such 
arrangements, which are numbered in order of increase of 
“heat-mass” concentration. The dashed line through the 
peaks of these curves shows the trend from high drift of 
short duration to low prolonged drift. Curve #7 was ob- 
tained with an arrangement similar to Fig. 2b, which in 
service permitted zero-drift adjustment, a target observa- 
tion, and a good zero check after observation. 

Zero-drift in the experimental pyrometer of Fig. 4 was 
determined by a sudden increase of 37°F. in the jacket 
temperature. The zero-drift persisted for about seven min- 
utes, and its maximum value was about four galvanometer 
divisions at the end of three minutes. The effect of this 
zero-drift is shown in Fig. 9 (b). Since no such sudden 
jacket transients occurred in service, the use of a zero 


S adjuster and cold reference target was discontinued, elimi- 


nating the reference target reflection error previously de- 


® scribed. 


2. Repeat calibrations at several jacket temperatures 
indicated the significance of ‘jacket deviations in service. 
The commercial pyrometer required a correction of a little 
over one degree per degree deviation of jacket temperature 
at a target temperature of 1200°F., and an increase in the 
correction as the target temperature rose. The correspond- 


‘ing correction for the experimental pyrometer without 
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Fig. 8. Effects of internal pressure variation on thermoelectric 
radiation pyrometer output with constant target temperature. 


vacuum was less than one-quarter degree per degree, with 
a tendency to decrease with an increase in target tempera- 
ture. This tendency is not apparent from equation (4), and 
is best explained by the fact that the convection exponent 
y, equation (1), is appreciably greater than unity, so that 
the value of U,, equation (4) increases with (7, — 17’). 
In words, the rate of heat transfer between the receiver and 
jacket by convection increases with target temperature 
faster than does the transfer by radiation. The effect upon 


the required correction is a real trouble-saver. 


3. Tests on the effects of target emittance drift were 


conducted by using a calibrating target of test-target ma- 
terial, initially bright, which was gradually heated and 
cooled. Readings of pyrometer output with increasing and 
decreasing target temperature were observed. Fig. 7 shows 
the results obtained with two initial surface conditions. It 


was found that a light sandblast of the calibrating target 
rendered the emissivity drift negligible (Fig. 7b) though 
in subsequent tests where turbine wheel temperatures were 


to be observed, both wheel and calibrating target were pre- 
heated to the highest contemplated test temperature (or as 


closely as possible without metallurgical damage) after a 
light surface sandblast. 

4. The “calibration repeatability” tests were identical 
with the target emittance drift tests where no visible 


effect of emittance variation occurred, Fig. 7b. In addition, 





a series of closely-spaced calibration points were obtained 
and plotted on a highly expanded scale. The scatter of the 
test points about a smooth curve drawn through them is 
shown in Fig. 9, (a) and (c), where the greatest deviation 
noted is 3.5°F., or a spread of 7°F. It was expected that 
the point scatter would decrease at elevated target tem- 
peratures because of the decrease in slope of the calibra- 
tion curve. In practice, it was found that at temperatures 
above 1000°F., target temperature vs. time curves taken 
with the radiation pyrometer were much smoother than 
those taken with the base-metal contact thermocouple peened 
into the target’s surface. It is justifiable, therefore, to 
blame the persistent scatter at elevated temperatures on 
the poor adaptability of the contact thermocouple to pre- 
cise measurement of surface temperatures when air or 
gases at different temperatures are present. 

In early wheel tests, vibration produced occasional shift 
between pyrometer and jacket, changing the solid angle of 
sight. Another source of difficulty was sooting of the py- 
rometer aperture, which was eliminated by the use of an 
air jacket outside the water jacket. This also eliminated 
the water film formed occasionally by condensation on the 
aperture. Water is extremely opaque to infrared radiation. 
All of these possibilities must be carefully guarded against. 

5. Tests on the effect of varying internal pyrometer 
pressure were conducted on the experimental pyrometer of 
Fig. 4, by sighting on an electric lamp of controlled voltage 
and connecting the evacuating tube to a good vacuum 
pump. Fig. 8 shows the result and is comparable to the 
characteristic curve of a thermocouple type vacuum gage. 
Note that rough evacuation produces no appreciable 
change in sensitivity and that there is a point (presumably 
where conduction and radiation transfer swamp out the 
remaining convection transfer) where further refinement 
of the vacuum is useless. It is interesting to note that the 
inflection point of the curve of Fig. 8 occurs at a pressure 
corresponding to a mean-free-path for air molecules of 
approximately 0.1”, while the actual distance from receiver 
to inner jacket wall was about 1%”. 

To date, the device of Fig. 4 has presented sealing diffi- 
culties and has been applied in turbine wheel temperature 
measurement at atmospheric pressure in mountings similar 
to that shown in Fig. 2, with considerable reduction of 
bulk. The resulting reduced sensitivity has been offset at 
low temperatures by the use of certain crystalline salt aper- 
tures, transparent to infrared, in place of glass. The rela- 
tive freedom of this arrangement from the effects of small 
jacket temperature deviation has reduced personal super- 
vision of tests to a minimum. 

CONCLUSIONS 

The requirements for basically sound thermoelectric 
radiation pyrometry may be briefly stated: 

1. The target surface must be of constant “blackness” 
throughout calibration and application. 
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Fig. 9. Performance of miniature radiation pyrometer calibrated 
at atmospheric pressure. 

a, c—Point scatter about a smooth curve. Pyrometer jacket held 
at 66 +2°F. 

b—Zero-drift introduced by a sudden increase of 37°F. in jacket 
temperature. 
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2. It is necessary to make a precise measurement of the 
difference in temperature between a receiver and its sur- 
rounding jacket, or the corresponding emf, or galvanometer 
equivalent. 

3. It is necessary to measure or know at least approxi- 
mately, and in applications below about 800°F. precisely, 
the temperature of the jacket. 

4. It is advantageous to sacrifice the high output asso- 
ciated with an evacuated pyrometer when freedom from 
the effects of smal] jacket temperature variations is 
essential. 

5. There must be, interposed between the pyrometer 
cold junctions and a cooled outer jacket a high heat-capa- 
city, high conductivity jacket, surrounded by at least a 
thin layer of good thermal insulation. 

Thermoelectric radiation pyrometers are normally free 
of the deteriorating influences to which high-temperature 
contact pyrometers of even the noble-metal thermocouple 
type are subject. A little regard for the thermodynamics 
governing their performance has lowered the minimum 
practical application temperature from 1500°F. (4) to 


about 300°F., and there is no reason to state a minimum 
for further development. The field of application has been 
broadened from industrial furnace applications requiring 
about a square inch of “target” area, to include local sur- 
face measurement with target diameters of a quarter inch 
or less, with repeatability equal to or better than that of 


the contact thermocouple. Procedures for improved hot-gas 
temperature measurement utilizing the thermoelectric rag. 
ation pyrometer are in sight. The integration of the lay, 
of monochromatic radiation over the broad spectral banj 
of a suitable window or lens material to create a reprodug). 
ble high-temperature standard of long life is not beyong 
the realm of post-war probability. 
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High-velocity Air Stream Temperature Measurements 


By H. C. HOTTEL, Massachusetts Institute of Technology, Cambridge, Mass. 
and A. KALATINSKY, Pratt & Whitney Aircraft, East Hartford, Conn. 


F a gas is stagnant, its thermodynamic state is deter- 
mined by its pressure and temperature. If the gas is in 
motion, two ideal states may be defined: the “true” 

state which would be observed by instruments moving to- 
gether with the gas; and a “stagnation” state which the 
gas assumes when it is brought to a complete stop and its 
kinetic energy is converted, without loss, into a temperature 
rise. A stationary instrument inserted into a gas stream 
may indicate a temperature or pressure corresponding to 
any condition lying between the “true” and the “stagna- 
tion” states and even, under certain conditions, a temper- 
ature in excess of the “stagnation” temperature. 

The pressure and temperature differences between these 
two states may amount to as much as 13 lbs./in.? and 
130°F. for supercharger operation, and up to 400°F. for 
exhaust gases. Hence the importance of reliable data on 
the recovery characteristics of the measuring devices. 

Accurate measurements of the true (static) and of the 
stagnation (total) pressure can be obtained simultaneously 
from a Pitot-static tube. 

On temperature measurements, only relatively few data— 
conflicting and inconclusive—were available in the summer 
of 1940. For this reason a project, sponsored by Pratt & 
Whitney Aircraft, was carried out by the authors at M.I.T. 
to determine the effect of probe shape on the temperature 
recovery factor and to develop a satisfactory high-velocity 
temperature probe. 


A number of investigators had previously measured the 
recovery factors of commonly-used probes and of simple 
bodies. Attempts to correlate these results either with probe 
shape or with test conditions were entirely unsuccessful. 
This seemed to indicate that no adequate precautions had 
been taken against radiation and conduction errors. The 
temperature measurements themselves were dubious. 


It became apparent that any new investigations would be 
of value only if test methods and apparatus were used 
which permitted close control of the various causes of 
errors. The authors believe that the test set-up used in this 
investigation largely fulfilled this condition. 


EXTENDED ABSTRACT of paper presented at Annual Meeting 
of A.S.M.E., New York, Nov. 28-Dec. 3, 1943, under auspices of 
Aviation and Heat Transfer Divisions. 
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Fig. 1 is a diagram of the test set-up. The calibration of 
the high-velocity probes was carried up to the velocity of 
sound by moving the test set-up to the Pratt & Whitney 
Aircraft Experimental Test Department in East Hartford. 

The air delivered by the compressor was cooled back to 
ambient by letting water flow over the outside of the surge 
tanks. Keeping the stagnation temperature equal to the 
room temperature, which minimized conduction and raii- 
ation errors all along the line, proved to be an important 
factor in insuring accurate measurements. 

The jet chamber was surrounded by a cylindrical shield 
provided with surface thermocouples and a heating coil 
wound on the outside and insulated to insure a uniform 
temperature distribution. The heating coil was used for 
determining the radiation sensitivity of various probes, but 
for straight recovery measurements it was found more reli- 
able to keep the probe temperature equal to the room tem- 
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2, pages 36; This rugged multiple-contact relay 


permits innumerable contact arrange- 
ments. Permits designing to small 
size, with a lesser number of relays; 
and facilitates maintenance. Adapted 
for use in electronic control devices 
and for sequence control and inter-, 
locking operations. Ideal where un- 
usual arrangements of relay control 
are desired. Here are the reasons why: 
1. Contact springs 
employing any of the 
forms illustrated can be 
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sulators of heat treated 
Bakelite which permit 





velocity Gas 
No. 5, July 













Ribaud, Y 
‘ol. XII, No 


Apparatus” 
adiation py. 






1ents 


bration of 
velocity of 
t Whitney 





















Hartford punching without 
: cracks, have minimum 
1d back to cold flow and low 
Mas moisture absorption 
e surge content. Assembly 
ial to the wane igre under 
; ydraulic pressure. . 
and radi- Withstands heavy 3. Twelve different 
7 aa Lieuiadhnestis seni standard or special 
important . types and sizes of con- 





tacts can be furnished. 
| : | “4 Contacts are overall- 
ical shield | a welded to nickel silver 
springs. Sizes range 

q 



















ating coil from .062” silver, rated 
1 uniform one moet. 50 watts, 
to .1875” tungsten, 
used for rated four amperes, 509 
robes, but watts. 
more reli- 
‘oom tem- 
4. Spring bushing in- 
sulators are Bakelite 
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TY WATER process. Strong, hard 
long wearing. Essentia 
where heavy contact 
pressures are employed, 
where vibration exists, 
or heavy duty service 
is desired, 
5. Armature assembly 
single or double arm. 
Has stainless steel shaft, 
operating in a marine 
brass yoke. Heel piece, 
@. COOLING coil core and armature 
oH are magneticmetal care- 
a, fully annealed. De- 
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design and construction. Clare engineers can 

custom build” a relay to meet your specific re- 
; quirements—one that will reduce your overall 
™ ‘elay cost and simplify your design problem. Write 
me for catalog and data book. C. P. Clare and Co., 
4719 West Sunnyside Avenue, Chicago. 
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the secret of getting 


FASTEST DELIVER 


i wait for “routine” afternoon pickups, when shipping 
AIR EXPRESS, Get your shipments on the way as soon 
as they are ready —as early in the day as possible. 

That’s the secret of getting fastest delivery. Because you 
avoid possible delay, due to end-of-day congestion when 
Airline traffic is at its peak. 

And to cut costs— AIR EXPRESS shipments should 
be packed compactly but securely, to obtain the 
best ratio of size to weight. 


A Money-Saving, 
High-Speed Tool For 
Every Business 


As a result of increased efficiency developed to meet wartime demands, rates 
have recently been reduced. Shippers nationwide are now saving an average 
of more than 10% on Air Express charges. And Air Express schedules are based 
on “hours”’,not days and weeks — with 3-mile-a-minute service direct to hundreds 
of U.S. cities and scores of foreign countries. 

WRITE TODAY for “Vision Unlimited’’—an informative booklet that will 
stimulate the thinking of every executive. Dept. PR-1, Railway Express Agency, 


230 Park Avenue, New York 17, N. Y. 






Gers there FAST 


Phone RAILWAY EXPRESS AGENCY, AIR EXPRESS DIVISION 
Representing the AIRLINES of the United States 
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perature by regulating the amount of intercooling after the 
compressor, since the shield covered only 59% of the field 
of vision ot the probe. 

Ih selecting a method of temperature measurement in 
high. velocity streams, the choice has to be made between 
protes designed to record the true temperature, probes to 
record the stagnation temperature, and conventional probes 
accurately calibrated for recovery factor. 

Since any stationary probe slows down the gas in its im- 
mediate vicinity, measurement of true temperatures with 
ordinary probes is not possible. 

Stagnation temperature measurements have the ad- 
vantage of yielding more representative data with respect 
to energy conditions and, in many cases, with respect to 
heat transfer than intermediary readings obtained with a 
calibrated conventional probe. The principal advantage of 
a stagnation probe lies, however, in the considerably im- 
proved reproducibility of calibration results. 

For measurements which do not justify the use of spe- 
cial stagnation probes, the recovery characteristics of 
commonly-used bare wire thermocouples were investigated. 
The reproducibility of the test points was found to be gen- 
erally better than +5% of recovery. This may be con- 
sidered entirely adequate for temperature measurements 
in the low-velocity range (below 300 ft./sec.) which do not 
have direct efficiency determination for their object. 

Radiation errors may be caused by differences, usually 
present, between the stagnation temperature and the tem- 
perature of the walls of the duct into which the probe is 
inserted. The authors derive an equation for the radiation 
error of a probe with an enclosed stagnation chamber. They 
report finding that a good correlation of the test points was 
achieved by using a simplified equation. 

The radiation sensitivity values reported should be ade- 
quate for the full range of supercharger temperatures. 

Butt-welded iron-constantan thermocouples were made up 
from No. 24, 30, 36 and 40 gage wires. Practically perfect 
cylindrical welds were obtained by using mercury arc weld- 
ing technique. A ball-junction couple was made up by 
melting a 0.07” solder ball around the butt-welded junction 
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of a 30 gage couple. Twisted wire couples were made by 
twisting 30 gage insulated iron and constantan wires oye 
a length of %” and welding the ends (weld ball diam, =» 
wire diam.). It is important that the insulation of the twig. 
ed part of the wire remain undamaged up to the very top, 
This was achieved by using mercury are welding. 

All these couples were tested in both an axial and, 
perpendicular position relative to the flow. Fig. 4 show; 
the recovery factor plotted against air velocity for th 
butt-welded and ball junctions. 

The considerable influence of the junction shape on the 
recovery factor is illustrated by Fig. 6, where all the tey 
data for 30 gage wires, with and without the solder bai 
junction, are plotted against an arbitrary parameter ¢ 
shape. One might be tempted to deduce.a recovery facto; 
of 0.75 for a perfect sphere by interpolating these data, 

The Franz probe and the M.I.T. probe are illustrated anj 
reported in detail. The M.I.T. probe was designed to ob. 
tain better orientation characteristics and to eliminate th 
instability of the diffusor. It was made adaptable to small. 
scale construction (Fig. 10). Body and support were ma 
from stainless steel hypodermic needle tubing. The thermo. 
couple itself was made from 40 gage iron and constantay 
wires with spun glass insulation. Recovery factors ar 
higher than for the Franz probe; scattering of calibration 
points relatively small; orientation characteristics good, 

The Pratt & Whitney Probe.—After the conclusion of 
the project at M.I.T., further development of stagnation 
probes was carried on at Pratt & Whitney Aircraft by 
Mr. F. Clark under the direction of Mr. J. H. Marchant, 


The M.I.T. probe, as originally designed, was difficult t ff 


manufacture and was not rugged enough for supercharger 
testing. These shortcomings have largely been overcome 
in the Pratt & Whitney probe, Fig. 12. Its radiation sensi- 
tivity is the same as that of the original M.I.T. design. 

The Pratt & Whitney high-velocity stagnation temper:- 
ture probe is satisfactory for precision measurements. It 
has good recovery characteristics, is insensitive to angles 
of yaw under 12° and is not subject to serious radiation 
errors. Bare wire thermocouples can be used for the great 
majority of measurements at velocities below 300 ft./sec.; 
sufficiently accurate information on their recovery factors 
is now available. 
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HOW FAR CAN YOU SEE? 


With every forward step 
in the science and arts of 
optics, man’s vision leaps 
ahead by light years into 
te the universe . . . advances 
steadily towards the apprehension of the atom. 

Specialists in the application of the optical sciences 
to some very practical arts, Kollmorgen pioneered the 
periscope ... and for years has been one of the principal 
manufacturers of periscopes, navigation and fire control 
instruments for the U.S. Navy. 

A quarter century of research and experience in the 
solution of problems in mechanics as well as optics . . . and 
a large force of technicians trained in fine craftsmanship 
and close tolerances in glass and metals . . . are available 
for the peacetime needs of industry, science and education. 

If you can see ahead now . . . advise us of your coming 
plans and problems. 


KOLLMORGEN OPTICAL CORP. 


2 Franklin Avenue ee Brooklyn 11, N. Y. 











PERMANENT 
MAGNETS 


Tue Arnold Engineering Company produces 
all ALNICO types including ALNICO V. All 


magnets are completely manufactured in 





our own plant under close metallurgical, mechanical 
and magnetic control. 

Engineering assistance by consultation or 
correspondence is freely offered in solution of your 
magnetic design problems. All inquiries will receive 


prompt attention. 







THE ARNOLD ENGINEERING (OMPANY 


147 EAST ONTARIO ST. + CHICAGO, ILLINOIS 
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rtime use of aircraft, 
in the deserts of Africa, in the frozen far 
North .. . flying from scorching earth 
to sub-zero temperatures of extremely 
high altitudes in a few minutes’ time... 
these conditions have created a definite 
need for dependable, automatic tempera. 
ture control devices . . . in these war. 
time planes, in jeeps, trucks and othe: 
fighting equipment Chace actuating 
elements are providing constant and 
reliable control of important tempera- 


ture responsive devices. 


Of course Chace Thermostatic Bimetal 
actuating elements for automatic tem- 
perature control are incorporated in es- 


sential civilian products too. 


And for postwar activities, remember 
Chace utilizes 25 different alloys ta /pro- 
duce 35 different types of therme tatic 
bimetals. May we suggest the type post 
suitable for the actuating elemmerit of 


your temperature responsive devices? 
dian 


Thermostatic Bimetals and So ial Alloys 
1609 BEARD AVE + DETROIT 9, MICH. 
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Application of Electronic Contro| 


_ EXTENDED ABSTRACT of paper presented at Annual yy 
ing of A.S.M.E., New York, Nov. 28-Dec. 3, 1943, under auspice, 
Design and Materials Handling Divisions. “| 


By E. H. VEDDER, Manager, Electronic Contro! Secti 
Westinghouse Elec. & Mfg. Co., East Pittsburgh, Ps, 


ne ep control has been developed which wijj 
many things better, less expensively, faster or m 
precisely, as well as many things previously impossible, 
careful attention must be given to codrdination of mecha, 
cal and electronic functions. Electronics is not a gad 
business but a tool which must be properly used withip } 
limitations. Examples of the more important developmey 
are given. An electronic control has now been develo 
which operates a d-c. motor from an a-c. line. An electry 
adjustable-speed drive described consists of a d-c. shy 
wound motor whose field and armature are energized } 
separate thyratron-rectifier circuits. These rectifiers ar 
controlled as to vary the input to the motor, regulate § 
motor speed to a pre-set value, and limit the maxim 
current furnished the motor during acceleration and » 
versal. 

Resistance welding is divided into distinct classes sy 
as spot, projection, butt, and seam welding. Spot, projg 
tion, and butt welding differ only in the type of electra 
and method of holding the materials during welding 


SCANNER WITH PHOTOTUBE 


AND LAMP 


SET) 


Soe 





“UGHT BEAM 


ee, MOTOR DRIVEN 
SCREW 


ee 


0.C. MOTOR 


a fo= 


2 




















AC SUPPLY { 


Fig. 8. Schematic Arrangement of Regulator for Controlling Slit 
ting or Rewinding of Paper, Glassine, or Cellophane. 
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use the same control unit. The control measures out one! 
more pulses of current to make an individual weld. 
welding uses roller electrodes and the control (quite diffe 
ent from that for spot welding) causes the current to {1 
in individual pulses of a few cycles’ duration each and wi 
a few cycles’ time between each pulse for as long as wel 
ing is proceeding. 

Photoelectric control, in which the control is actuated | 
the response of a phototube, is useful for actuating 2 9¥ 
tem in response to a change of color, shade, density, she 
or position without mechanically touching the controllil 
object. As an example when slitting strip material, it ofté 
is necessary to regulate the sideways position of the ™ 
to insure cutting at the proper point relative to a trat 
mark or printed design. The slitter regulator shown 
Fig. 8 scans the edge of the paper web or a line in 4 
printed design. The proper web position is obtained! 
moving the roll of material to the position called for! 
the phototube in the scanning device. The same device 
used to scan the edge of a web and correct the roll posit! 
to insure smooth roll wind-up when rewinding mill rolls 

Wartime shortage of tin brought about the necessity ft 
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When you want 
accurate and depend- 
able automatic temperature 
or humidity control forIndustri- 
al Processes, Heating or Air Cond- 
itioning Systems, call in a Powers 
engineer, With over 50 years of ex- 
perience anda very complete line of 
self-operating and air operated 
controls we are well equipped to 
fill your requirements. 
Write for Circular 2520 
2734 Greenview Ave., Chicago 
Offices in 47 Cities—See 
your phone directory. 


THE 
"OWERS REGULATOR CO. 


Electrical installations for: 
X-Ray Inspection Testing Plant Communi- 
cations Fire and Burglar Alarms Meters 


THOUSANDS OF OTHER UNITS 


EVERY INSTRUMENT 
FUSE FOR SAFETY WITH 


Many of these instruments are irre- 
placeable. Present equipment must be 
kept on the job! 

EFFICIENT FUSING is vital pro- 
tection from damage. Many plant 
operators are installing NEW fusing 
throughout. 


Littelfuse will be glad to help you 
with practicable suggestions. Feel free Instrument 
to call on us. Littlefuse 


LITTELFUSE Inc. 


263 Ong St., El Monte, California 
4793 Ravenswood Ave., Chicago 40, Hl. 


Bese 


SCALES, GAUGES, 
|” CALCULATORS, 
‘| GHARTS, DIALS, ETC. 








@ Impervious to moisture, grea 
oils, acids, alkalis. 

@ Printing guaranteed not to wash 
or rub off. 

@ Non-inflammable, non-corrosive 
plastic. 

@ Printed and laminated vinylite and 
cellulose acetate. 


SAMPLES AND ESTIMATES GLADOLY SUPPLIED ON REQUEST 
WRITE DEPARTMENT M. 1. 


THE HOPP PRESS, INC. 


PRINTING FABRICATING FORMING 


460 W. 34th STREET, N.Y. C. 


ESTABLISHED 1893 











NFAILING 
RECISION 


kk 


iia id 


In THE new General Electric line of 
ELECTRONIC MEASURING INSTRUMENTS, 
unfailing precision is just one of many 
invaluable features designed by the 
famous G-E electronics laboratories — 
you are given a wide choice of accurate 
apparatus for service, maintenance and 
research work. é; 

The units include: G-E unimeters, 
capacitometers, audio oscillators, wide 
band oscilloscopes, square wave gener- 
ators, signal generators, power supply 
units and other utility measuring 
instfuments. 

These units are now in production 
primarily for the Armed Forces... but 
they may be purchased on a priority if 
you are in war work. After victory, the 
complete line will be available to all. 
e We invite your inquiry for G-E electronic 


measuring equipment made to meet your 
specific requirements. 


FREE 
CATALOG 


ELECTRONICS 
DEPARTMENT 

GENERAL ELECTRIC CO. 
Schenectady, N. Y. 


Please send, without obligation to 
me, the General Electric Testing In- 
strument Catalog, 1-1 (loose-leaf), for 
my information and files, 

Name_ 
Company 


Address 





GENERAL @ ELECTRIC 


177-c!1 


Electronic Measuring Instruments 
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Performance Record 


..» backs up your judgment when 
you select Oster Motors 


This record is your assurance that you are dealing 
with a seasoned, dependable source — that you 
are not “taking a chance.”. . . Illustrated is type 
C-2B-1A, 1/100 H.P. model in current production ; 
developed especially for aircraft use. Well adapt- 
able to blower applications, under most adverse 
conditions. Designed for continuous duty to oper- 
ate in high ambient temperatures (will 
operate satisfactorily in a 90° ambient). 
Ball-bearing-equipped. Built in an alu- 
minum die-cast housing. 6, 12, 24, or 
115 volts DC; 115 volts AC. Let us 
help you fit this or other Oster motors 
to your requirements, M-11B 


John Oster Mfg. Co. of Illinois 
Department N-11 Genoa, lilinois 














tained in all Trinity Thermocouple 
Wells. We are proud to be able to 
guarantee concentricity of bore in 
solid drilled wells up to 40” long. 
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POWER Suepyy 
F Forward relay —O— Relay coil 
R Reverse relay dr Relay contact 


Fig. 10. System for Regulating Power Input in Tin-flowing Process. 


thinner coating of tin on strip steel for cans. This lx 
been accomplished by the electrolytic tinning process. Ty 
electroplating process leaves the tin surface with a silvey 
appearance and somewhat porous structure, It is necessay 
to heat the strip enough to melt and flow the tin, and thy 
obtain a more perfect coating. The control system sho Wi 
in Fig. 10 controls the amount of high-frequency pow upx 
used to heat the surface to produce flowing of the tiR fs. 
coating. 

A pin-hole detector for inspecting strip steel will insps 
steel strip at speeds up to 1500 fpm. and detect 1/64’ « Co 
smaller holes, marking the holes as they occur. 





are 

. anc 

The Theory and Design of a 

Electronic-control Apparatus me of 

EXTENDED ABSTRACT of paper presented at Annual Me a 
ing of A.S.M.E., New York, Nov. 28-Dec. 3, 1943, under auspices 

Design and Materials Handling Divisions. Ou 

By W. D. COCKRELL, Electronics Application Engine, fm“ 

General Electric Co., Schenectady, N. Y. sol 


HE author reviews the fundamental conceptions of t 
electronic tube, describing the types of tubes used at 
the operation of individual contrel circuits. Examples ¢ 
standard electronic-control circuits are given in detail, pa 
ticularly the following: A photoelectric relay for mist 
laneous work such as counting people or autos, packag# 
and cabbages, and’ cartons freshly painted, is composed 
a simple rectifier, a capacitor and a series of resistors § 
the output end, a phototube and amplifier for conversion4 
light to electric current. A few refinements can be adée 
such as a rheostat for controlling the operational curré 
a small capacitor between grid and plate of the ampliff 
tube to prevent operation on slight light flickers and a 
other capacitor between the d-c. potential and ground! 
prevent action due to slight changes in the a-c. powe 
supply. An electric timer can be built up by combining 
capacitor-resistor fundamental timing circuit with 
amplifier and a contactor operated by the amplifier. 
A motor control (see diagram) which will regulate ® 
speed of the motor quite accurately may be made by 2 p# 
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| of the tH factory performance” is not good 

will inepe enough for The Sperry Gyroscope 

act 1/64’ em Company. Perfection is demanded 
... and, in Cinaudagraph Permanent 
Magnets, perfection is obtained. We 
are meeting every rigid specification 

of and a heavy production schedule— 
the reason, perhaps, why we are one 
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Silk Sileens 
forWARwork! 


A proved, ECONOMICAL method, in 
use by various war industries for repro- 
ducing DIALS, GAUGE, PANEL and | 
INSTRUMENT markings, lettering, | 
graduations, designs. 

NO MACHINERY REQUIRED. Highly 
satisfactory for quantities from 10 to 
10,000 impressions. 

Send us copy, drawing or blueprint for 
estimate on complete screen and full 
details. 





















MEASUREMENTS 
CORPORATION 


Boonton, New Jersey 









Silk Screen Supplies, Inc. 
33 LAFAYETTE AVE 
BROOKLYN, N. Y 
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SERIES 
1000 


110 VOLT 
PILOT 


LIGHT 


for Mazda S-6 or T4'/4—l4, Watt 
candelabria base lamp 


Underwriters listed and approved. Gothard series 
1000 Pilot Lights are totally enclosed, yet well 
ventilated for cool operation. Requires single 
1” dia. hole for mounting. Standardly fur- 
nished for panels up to 3%” thick—special 
requirements can be supplied. Jewel slips out 
of front for convenient replacement of bulbs. 
Faceted, smooth or frosted Jewels. Range of 
lens colors. 


~ 


Request Gothard 
Pilot Light Assem- 


blies catalog for MANUFACTURING COMPANY 


complete informa- 


tion, 1355 NORTH NINTH STREET, SPRINGFIELD, ILLINOIS 





DEW POINT 
TESTER 


Bureau of Mines Type 


TESTS UNDER 
ACTUAL CONDITIONS 


With this tester it is possible to 

determine the dew point of gases 

under the conditions of pressure as 
they exist. Through the combined use of a refrigerant and 
a special stainless steel mirror dew points of gases are 
determined with an accuracy of 0.2° F, Suitable for work- 
ing pressures up to 2500 P.S.I. and dew point temperatures 
as low as -90° F. 


Catalog No. 26 


SCIENTIFIC LABORATORY AND POWER PLANT EQUIPMENT 


THE REFINERY SUPPLY CO. 


etiay wae) @8-¥ fer.y. 
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REVERSING 
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(iF USED) 























THYRATRON 
RECTIFIER 
FOR MOTOR 


[ | ARMATURE 
ARMATURE | 


CURRENT 
UMIT 
CONTROL 


MOTOR 
> ARMATURE 


= 


MOTOR . 
FIELD SPEED 
INDICATING 


ELECTRONIC TACHOMETER. 
AMPLIFIER \ GENERATOR 
\ 
Oz 
LOAD 
of rectifiers, one or both of which may be controllable, tj 
supply the motor armature and field of a d-c. motor. Ay 
indication of the motor speed can be obtained either by 
connecting a tachometer-generator to it which will produg 
a voltage proportional to speed, or take the back-inducej 
voltage from the motor. This is compared to a refereng 
voltage, and the difference is amplified and applied to th 
control of the armature or field to hold the motor spe 
constant. If desired, other circuits can be added which oper. 
ate from the motor current to limit this current to a safe 
value for motor and tube in spite of the demand for speed 
A control can also be added to compensate for the resist. 
ance of the motor armature to obtain a flat compounding 
which is superior to that which can be obtained from: 
direct-compound motor. 

In resistance welding close control of the timing and th 
intensity of the heat applied is necessary. These can k 
accurately controlled by proper devices. 

Combinations of mechanical and electrical circuits ar 
generally used on such devices as photoelectric registe 
controls where, for example, it is desired to register print 
ing with some mechanical operation such as cutting o 
folding the printed paper. 





















































The Dyadic Gage 


Abstract of paper presented at joint meeting of Society for Ex & 
perimental Stress Analysis and Applied Mechanics Division of t 
A.S.M.E., New York, Nov. 28-Dec. 3, 1943. 


By S. B. WILLIAMS 
Propeller Division, Curtiss-Wright Corp., Caldwell, N. J. 


The dyadic gage, as its name implies, is a measuring 
device of a two-fold nature, dyadic here being used in its 
simpler sense. The term refers not to a specific gage, but 
to a class of strain gages so arranged as to measure strains 
as a sum or difference of strains. Sometimes this is accon- 
plished in a single unit or again by means of connecting & 
two or more units together. However, all the component 
strains are limited to those coexistent at a point in a plan & 
stress distribution. In order to demonstrate the comple 
result of the general case of two strain gages connected td F 
add or subtract, the graphics of Mohr and dyadic circles ar F 
reviewed briefly and the relation between the two stress 
circles and the two strain circles is indicated by plotting al! 
on the same co-ordinates. In developing a method of examit- 
ing the properties of the dyadic gage, the graphics of 
solving the strain rosette are refined so that the complete 
stress picture may be obtained without computation. The | 
superposition of the circles of strain and stress ‘also pro- 
vides a correlation between the state of strain and stress 
not heretofore emphasized. Thus it is possible to visualize 
the ratio of stress to strain as a function of direction. 

It has been known for some time that most strain gages, J 
an@ particularly the carbon units, have yielded errati¢ 

Its when arranged to measure the Poisson strain in 20 
axial distribution. The author has shown that the output 
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CANNON ELECTRIC 













a Cannon Electric Development Company, Los Angeles 31, California 
| erratic Canadian Factory and Engineering Office: Cannon Electric Company, Limited, Toronto 
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MOELLER 


PRECISION 
GRADE 
INSTRUMENTS 


w 


MOELLER MERCURY THERMOMETERS 
Made with "Moeller Glass Red Reading 


Column," making them easy to read 
under varying light conditions, at a con- 
siderable distance and over a wide range. 


MOELLER DIAL THERMOM- 
ETERS. Made in various 
scale ranges up to 1000°F. 
or equivalent. Metal and 
Phenolite cases. 


MOELLER 
RECORDING 
THERMOMETERS 


Furnished in vari- 
ous ranges up to 
1000°F. or equiv- 
alent. Round or 
square cases. 








Also HYGROMETERS 
RECORDING PSYCHROMETERS 
BAROMETERS HYDROMETERS 

MARINE INSTRUMENTS, ETC. 


MOELLER 
INSTRUMENT COMPANY 


{32nd STREET and 89th AVENUE 
RICHMOND HILL WEW YORK 

















Sales Representatives in Principal Cities 
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of the ordinary strain gage includes a component dye to 
the strain normal to the orientation of the gage. The rat 
of the unexpected component to the ordinary comp ment js 
termed the gage transverse sensitivity constant, 2, Ty 
effect of 8 upon the indicated circles of strain and strey 
is then developed. 

It is shown that for all values of 8 the indicated cing, 
diagram is still a circle but of a new diameter. Thus j, 
completely explained the erratic measurements of thy 
Poisson strain and a class of gages suggested which, by the 
proper (and available) choice of values of transverse sengj. 
tivity, yield directly shear strain or stress, normal strain 
normal stress, or lateral extension, as B takes the values of 
— 1,0, + # or +1, respectively. Nearly all current strajp 
gages, either of a wire or composition -construction, hay 
transverse sensitivities other than the four most usefjj 
values cited. A general method is indicated for evaluating 
8B and correcting for known sources of error, such as the 
calibration of gages on a material of one value of Poisson’; 
ratio, #, and using them on material possessing a differen; 
value of x. 





Relations Between the Notched Beam 
Impact Test and the Static Tension Tes 


Abstract of paper presented at joint meeting of Society for Ry. 
perimental Stress Analvsis and Applied Mechanics Division of th 
A.S.M.E., New York, Nov. 28-Dec. 3, 1943. 


C. W. MacGREGOR and J. C. FISHER, 
Massachusetts Institute of Technology, Cambridge, Mass, 


The notched beam impact test has been of considerable 
value in determining the effect of various metallurgical anj 
mechanical conditions on the suitability of materials fo 
different applications. Experience has demonstrated that 
the effect of some of these conditions can not be detecte 
by the ordinary form of tension test. 

The notched beam impact test has always been difficult 
to correlate with other forms of tests. In order to correlate 
it with the tension test, the authors have made use of tme 
stress and strain values in contrast to the more commonly 
employed stresses and strains which are referred back t 
the original dimensions of the test bar. 

An experimental program is described in which the e- 
ergy per unit of deformed volume from notched beam im 
pact tests is compared with the energy per unit of volum 
as obtained from static tension tests of the true stress 
strain type on plain and notched specimens. The results ar 
compared for several steels under various conditions d 
heat-treatment and testing temperature. 

The authors conclude that: 

(1) A reasonably good correlation exists between the 
notched beam impact test and the static notched tensim 
test when true stress-strain values are employed. Both 
forms of test display essentially the same effects of dra¥ 
ing and testing temperatures on the specific energy ft 
fracture. 

(2) While the main characteristics of the notched beat 
impact test in these experiments appear to be due to th 
notch rather than to the testing machine speed, the durt 
tion of the test is important where such effects as strait 
aging are pronounced. For a material subject to sud 
changes in properties during the test, the duration of the 
tension test must approach that of the impact test in orde 
for the correlation mentioned in (1) to hold. It also is ap 
parent that when tests are conducted at temperatures col 
siderably in excess of those employed in these experiments 
(about 180°C.), or when low melting alloys are investiga 
at normal temperatures, the testing speed is of considerable 
importance. 

(3) Although the notched beam impact test appears "@ 
correlate with the notched static tension test better thal 
with the uniform static tension test, this does not detrat 
from the great value and significance of the ‘tension te& 
on uniform specimens. The latter are especially importa! 
where correlations are desired between tension values 2m 
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CORROSION-PROOF 


Photo Courtesy 
Bell Aircraft 


Corporation 
ROSIN 


KESTER ‘core SOLDER 


@ Corrosion— with terminal resistance and countless complica- 
tions following in its wake — is “licked before it starts” when elec- 
trical connections are made permanent and secure with Kester 
Rosin-Core Solder. 


@ At Bell Aircraft and other plants coast to coast— building 
and assembling stout-hearted electrical units of every description 

this important characteristic of Kester Rosin-Core Solder is 
helping to make American fighting equipment the finest in the 
world. 


@ Not only does the plastic rosin flux in Kester Rosin-Core 
Solder halt corrosion; it will not injure insulating material, dis- 
integrate, or lose its fluxing power in any way, regardless of 
temperature extremes. That makes it standard at air bases every- 
where—in Arctics and Tropics alike. 

@ All Kester fluxes are stable and scientifically correct. The acid 
flux in Kester Acid-Core Solder, used for general applications, 
gathers no moisture and assures a tight, clean, permanent union 
under all operating conditions. 

@ Kester’s 45 years of highly-specialized solder experience is 
at your service, particularly in the selection of the proper com- 
bination of flux and alloy, strand and core size, best suited to 
every requirement. Write Kester engineers fully, without obli- 


gation. 
(( Finest Quality \ 


KESTER SOLDER COMPANY | 
4216 Wrightwood Avenue, Chicago, Illinois 


w BUY WAR BONDS x 








Eastern Plant: Newark,N.J. || , 
Canadian Plant: Brantford, Ont. ee ee 


KESTER 


Cored Solier— 


N DAR OR ie Oo ee Fs R.% 
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results from other forms of tests such as torsion t 
bined stress tests of many kinds, metal forming © »eratia, 
such as drawing, rolling, etc. It is evident that no one fom 
of tension test is the best for all purposes. Th: notghy 
tension test seems to be particularly useful in those appl 
cations where the notched beam impact test has ; rove, 
value. 


(4) While the notched static tension test takes |ongey 
perform than the standard notched beam impact test whe 
total energies only are determined, it has the added adyay 
tage of supplying stress-strain data not obtainabie jp 4 
impact test. It appears that the energy per unit of deform, 
volume (specific energy) from the notched beam imps 
test is of more fundamental significance than tota energy 
If the former is determined in the impact test the time og 
sumed is usually in excess of that required for the notch 
static tension test. 


ts, con 





Static Testing and Its Relation to 
Stress Analysis 


Abstract of paper presented at joint meeting of Society for Ry 
wr ay — pe Stress Analysis and “e %* Mechanics Division of ¢ 
New York, Nov. 28-Dec. 3, 1943. 


By W. H. BONELL 
Lockheed Aircraft Corporation, Burbank, California 


The common methods of static testing of airplay 
structures and the function of static tests as a method ¢ 
stress analysis are discussed. The large amount of mong 
which must necessarily be spent to satisfy the requir 
ments of procurement agencies may be utilized to develg 
better methods of analysis or to determine the limitation 
of empirical and analytical methods, . . . A description ¢ 
the test equipment most commonly used and an outline ¢ 
the most frequent tests encountered are included in th 
paper. The advantages and disadvantages of the equipmer 
in general use for producing the loads, measuring th 
stresses and determining the allowable stresses are dis 
cussed. 





Stress Measurement by X-ray Diffraction 


Abstract of paper presented at joint meeting of Society for iy 
perimental Stress Analysis and Applied Mechanics Division of th 
A.S.M.E., New York, Nov. 28-Dec. 3, 1943. 

By JOHN T. NORTON and D. ROSENTHAL 
Massachusetts Institute of Technology, Cambridge, Mas. 


In recent years the X-ray diffraction method for th 
measurement of stresses in metals has received consi t 
able development and has been applied to practical pr 
lems. The method makes use of the interatomic distant 
in the crystalline metal as a gage length and measutt 
strain at the metal surface in terms of this length. By! 
combination of the strain measured in different direction 
the surface stresses can be calculated. 

The X-ray technique for the measurement of the stral 
involves the use of an X-ray tube and camera combine 
into a single unit such that the large diffraction angles © 
be recorded and measured with a high degree of precisi! 
A reference powder of known atomic spacing is used on th 
surface of the specimen to standardize the technique. ! 
order to measure the stress in a particular direction, 
X-ray pictures are necessary, one normal to the surfae 
and another inclined to the surface at a known angle. ! 
measure two stresses at right angles to one anothe three 
pictures are necessary, one normal and two oblique If the 
directions of the surface stresses chosen are not principe 
stresses, the latter can be found by taking a third obliq 
picture. 

An important problem in the X-ray stress measuremel 
is the choice of the appropriate elastic constants to use" 
the calculation of the stress from the measured stra ‘ns. } 
the case of steel, direct calibration shows that the or ‘inal! 
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Tropical heat, moisture, vibration, etc... . 


DeJur wire-wound potentiometers provide maxi- 
mum service and efficiency. Rugged, durable and 

dependable ... engineered to meet rigid govern- 
a ment requirements. There’s a type to fill your bill 
yf precision - -- or we'll build to special resistances. Technical 
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Sasha Won of hard-to-gel-at places 


now made certain and accurate with the help of 


WAPPLER 
INDUSTRIAL TELESCOPES 


; “Precision Instruments for 
White fo the Exacting Inspection of 


GUh Baoohled + Internal Surfaces.” 


For prompt action and our recom- 
Ba uly mendations, include drawing of 
‘*s ; part to be inspected, or preferably 
——_ the part itself. 


Industrial Division 


AMERICAN CYSTOSCOPE MAKERS, Inc. 
FREDERICK C. WAPPLER. Pres. 


1241 Lafayette Ave (Bronx) New York, U.S.A. 


MODEL 625—0-30 D.C. VOLT METER 


This is one of today’s most popular portables. 
The new design has a hinged dial cover for 
added protection; insulated molded case and 
hand calibrated mirror scale 4.58” in length. 
Furnished to an accuracy within one-half of 
1%. THE TRIPLETT ELECTRICAL IN- 
STRUMENT COMPANY, BLUFFTON, O. 
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“mechanical” constants used for a poly-grain mate 
approximately the correct value of the stress. In 
of copper, however, entirely fictitious values must 
to make the mechanically measured values agree wit) 
measured by X-rays. This situation presents a ve 
esting problem in the deformation of a polycr 
metal. 

Various conditions within the metal influence th 
ness of the X-ray diffraction lines. With sharp conti 
lines, the reproducibility of the stress measuren 
about + 1500 lbs./in?, Coarse grain size causes 
tinuous lines and non-homogeneous deformation 
crystals causes broadening of the lines. Both circums 
reduce the precision of the method. 

The particularly valuable features of the method are thy 
facts that it is non-destructive and that it measures on) 
the elastic part of the strains. 





New Combustion-Control Methods fo; 
All Standard Fuels 


Abstract of paper presented at Annual Meeting of A.S.ME 
New York, Nov. 28-Dec. 3, 1943, under auspices of Fuels Division 


By ROBERT REED, Engineer, John Zink Co., Tulsa, Oki, 


As a result of extensive study and field experience wit; 
combustion problems, the author offers suggestions for jp. 
creasing the accuracy of combustion control in all types ¢ 
furnaces and with all types of standard fuels. This is af 
complished by overcoming the existing limitations of five. 
gas-analyzing methods either by recorded COs concentn.— 
tions, or by Orsat analysis. Curves are given which provid: 
a simple means for determining “excess air by C02” ani 
“excess air by O2” by the use of which excess-air contri 
can be quickly adjusted for any change in fuel to obtais 
unimpaired combustion. The importance of determining th 
presence of aldehydes in flue gases is recognized and a sin- 
ple test using basic fuchsin dissolved in a cold saturate 
aqueous solution of SOeg is given. This check on combustion 
may save considerable fuel, and a great deal of mechanic: 
difficulty with furnaces. 





Some Aspects of Observing the 
Performance of Large Machinery 


Under Operating Conditions 


Abstract of paper presented at joint meeting of Society for | 
perimental Stress Analysis and Applied Mechanics Division of t 
A.S.M.E., New York, Nov. 28-Dec. 3, 1943. 


By J. H. MEIER, Bucyrus-Erie Co., Milwaukee, Wis. 


involve the measuring and recording of a number of oper 
ation characteristics, as forces and moments transmitted 
through machinery parts, the deflection of shock absorber 
and the motor and shaft speeds at which they occur. I 
addition, it is important to know hew these phenomena a” 
related to the phase of operation and to the manipulation§ 
of the operator. 

Severe mechanical vibrations and strong electrical ani 
magnetic fields are often encountered on this type of hea‘ 
equipment. Therefore, remote recording with instru 
on the ground, protected from these disturbances, is bes 
suited for such tasks. 

The long trailing cables necessary for such tests brit 
about a number of problems. Bridge circuits are describe 
which are best suited to overcome the difficulties. Th 
effects of lead losses are discussed and methods are giv! 
by which they can be checked and eliminated from the te 
results. 

A simple deflection indicator for investigating sho 
absorbers and a slipring and brush arrangement servilf 
two rotating Wheatstone bridges are described. Formulas 
are derived for the field calibration of bridge and amp!ifie 
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‘MMEDIATE DELIVERY... 











AIRCRAFT INSTRUMENTS 


AIRCRAFT INSTRUMENT PRECISION EQUIPMENT ... TOOLS AND SUPPLIES 
220 WEST FIFTH STREET, LOS ANGELES, CALIFORNIA 


—— PRODUCTION LATHES 


Two Sizes—3/16” and '/2” Bar Capacity 
9” Bed and 4” Swing English or Metric Screw Feed 


Both Sizes Have Lever Collet Closers Lever Attachment Available 










COMPOUND SLIDE REST 


With Turret Heads 



























For Precision Work on 
RADIO INSTRUMENTS CAMERA INSTRUMENTS METER INSTRUMENTS 
ELECTRICAL INSTRUMENTS AND TIMING DEVICES 


R. P. GALLIEN 















precision 


INSTRUMENT WASHER 







uw’ PORTABLE ELECTRIC 








Filings, burrs, etc., from 
brass or copper screw ma- 
chine parts salvaged in 
sediment trap will soon 
pay for this machine. 





Use your own proven Onl y Same instrument with ther- 


solvent or cleansing mostatically controlled 
liquid such as Oakite, ‘8 beating element for use 










soap, powder solu- with low-cost solutions 
tion, carbon tetra- where constant tempera- 
chloride, trichlor- ture is required, Model 





























ethylene, etc. Sa C742-B, $100.00. 
Cover 








THOROUGHLY AND SAFELY CLEANSES THE MOST 
DELICATE MECHANISMS AND SMALL PARTS 


1. No Abrasions! No Bumping! No Scratching! No Tumbling! Absolutely 
no abuse because there is no moving of the most delicate parts or mechanisms. 

















2. Cleansing liquid circulates through complex and odd shaped instrument 
assemblies—work remains stationary. 







3. Keeps disassembled parts to- 5. Compartments can be lifted out. Larger 
gether;nomixedormissing parts. parts can be just as thoroughly cleaned. 












4. Work comes out like new. 6. Drain well at bottom for dirt elimination. 


WRITE FOR LITERATURE 
AIRCRAFT INSTRUMENT DIVISION 


NAXON UTILITIES CORPORATION 


Engineers and Manufacturers of Precision Electrical Devices Since 1922 
2101-11 WALNUT STREET, CHICAGO, ILLINOIS 
World’s Leading Manufacturer of Portable Electric Washers 
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OPTICAL ELEMENTS 
is for your instruments 


Glendale produces prisms, 
lenses, mirrors and other optical 
elements to exact specification 
for your instruments. 


We specialize in making preci- 
sion optics only, and as a result 
of our specialization Glendale 
units ensure that high degree of 
accuracy which is the first consideration of the 
experienced user of any instrument involving 
optics. Our products include: 





AMICI PRISM 


® Prisms ® Mirrors 
® Lenses ® Shade Glasses 
© Flats ® Reticles 


Optical Units for 


BINOCULARS @ SEXTANTS @ OCTANTS @ TELESCOPES (sighting) 
GYROSCOPES (mechanisms) @ ODRIFTSIGHTS @ DRIFT METERS 


and Many Other Instruments 
GLENDALE OPTICAL COMPANY 


Makers of Precision Optics 
250 PENNSYLVANIA AVENUE BROOKLYN, N. Y. 















“For Your Laboratory, Product, or Production Line | 


“CONSTANT 1 ol 
















“& Output voltage 110, 115, 120; 1% accuracy. 
_ *& Input range 95 to 130 volts. xIindepen- | 
dent of load. * No moving parts. * High | 
efficiency. * Power factor better than 90%. 
* Negligible time constant. * Sizes from 
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meter combinations and the methods of calibrat sy 
described in detail. 

The various methods of recording and their re: pectiy, 
merits are briefly discussed. 

Although these circuits and methods were develc»ed for 
the analysis of the performance of excavating equ pment 
they are readily adapted to investigations on oth large 
machines or bridge structures. 


are 









The Bonded Wire Gage Torquemeter 


Abstract of paper presented at joint meeting of Society for Ex. 
perimental Stress Analysis and Applied Mechanics Division of +, 
A.S.M.E., New York, Nov. 28-Dec. 3, 1943. vk 


By ARTHUR C. RUGE, Ruge-deForest, Cambridge, Mass 








The basic principles of the wire gage torquemeter ar 
discussed from the standpoints of (1) elimination of effects 
due to thrust and bending, (2) temperature compensation, 
and (3) effect of erratic contact resistance at the slip 
rings. Typical measuring circuits are given and practic, 
limits of accuracy are suggested. Precise measurement of 
thrust in a rotating member is a unique possibility deriving 
from the same principles. 

A small torquemeter embodying these principles wa; 
demonstrated in operation with both static and dynam: 
measuring instruments of commercially available types, 



















Applications of the Brittle Lacquer 
Method in the Stress Analysis of 
Machine Parts 


Abstract of paper presented at joint meeting of Society for Ex 
perimental Stress Analysis and Applied Mechanics Division of the 
A.S.M.E., New York, Nov. 28-Dec. 3, 1943. 


By M. HETENYI and W. E. YOUNG 
Westinghouse Research Laboratories, East Pittsburgh, Pa. 


















The paper illustrates the application of the brittle lac. 
quer method in a variety of problems which range from 
small refrigerator flapper valves to huge gear tooth 
models, including such items as torsional couplings, gear 
housings and generator brackets. The characteristic fe: 
tures of the method are discussed at some length and the 
results checked, whenever possible, against those obtainei 
by other means. 













Gas Turbines and Turbosuperchargers 
Abstract of paper presented at Annual Meeting of A.S.ME. Be 
New York, Nov. 28-Dec. 3, 1943, under auspices of Aviation Divi B§ 
sion. 
By SANFORD A. MOSS, Consulting Engineer, Super- 

charger Engineering Division, General Electric Co., 
West Lynn, Mass. 









Generation of power by direct action of products of con: 
bustion on a turbine wheel has been an engineering dreal 
for a century and a half. The remarkable records of the 
Consolidated “Liberator,” the Lockheed “Lighting” and the 
Republic “Thunderbolt,” all equipped with turbosuperchart 
ers, indicates the spectacular developments in this field 
Since his University days, Dr. Moss has been associate 
with many of the developments relating to the gas turbine 
and particularly to the perfection of the airplane-engil 
turbosupercharger. It is from the viewpoint of an activ 
contributor to these developments that Dr. Moss revieW! 
the history of the gas turbine and its potential use as 4 
prime mover. A comprehensive bibliography (48 headings) | 
assists in outlining the evolution of each component of th 
modern gas turbine from its earliest inception. Unite 
States and foreign gas-turbine research -projects 4 
touched upon, and then details cf advancements in suC 
items as nozzles, compressors and the like are discusseé 
While the gas turbine as a prime mover has not been 4 
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neiples wa draft, suction, temperature (up to 1000°F.) speed in R.P.M. 
nd dynamic or inches per minute, position, level, etc. Has many uses in 
le types, steel mills, gas producing plants, heat generating plants, 


CO2 generating plants, sewage plants, chemical plants, 

kilns, air-conditioning and others. Write us and learn how 

this newest Hays gage may be applied to your own flow 
cquer measurement problems. 
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«W etallice Bellows 
‘as turbine 

ane-engitt We manufacture bellows and bellows 
an activt assemblies ready for installation in 
Ss aye steam traps, relief valves, temperature 
| us bia regulators, pressure regulators, air valves, 
hea Ta and other automatic temperature and 
ent of : pressure controls. Complete engineering 
nm. Unite : 

ects ai service. 

s in su CLIFFORD MANUFACTURING CO. 
discussed CHICAGO 564 East First Street DETROIT 
t been al 22! N. LaSalle Street BOSTON, MASS. 1847 W. Bethune Ave 


























THE TACHOMETER 


You’ve Been Waiting For 


















MODEL TSG-6 


Formerly used as a part of our 
Chronotachometer . . . now 
being sold as a separate unit 


This efficient Tachometer has been used 
for some time as a part of our Chrono 
Tachometer, in combination with a par- 
ticularly accurate revolution counter and 
timer of our own manufacture. We are now 
offering it for the first time as a separate 


unit. 
Its outstanding advantages are as follows: 


ACCURATE to within 10 R.P.M. — be- 
tween 200 and 3500 R.P.M. 


READABLE 6” Dial. 66’ Scale length. 
Hand makes 3) revolutions. 


ELECTRIC DRIVE GENERATOR 
screws to standard S. A. E. tachometer 
fitting. 3 wires extend to tachometer. Dis- 
tance limited only by wire size. 1 generator 
drives 2 tachometers. 


RUGGED — Will stand severe use, abuse 
and vibration. 


Dials graduated to suit special needs are available. 


Address I-13 


THE STANDARD 
ELECTRIC TIME CO. 


3 Split- Second Measurement by Standard” 


SPRINGFIELD, MASSACHUSETTS 














January 1944—Instruments—Page 57 








PATENT 
PENDING 


Save Metal nith These 


HERMAN PRECISION GRANITE 


SURFACE PLATES 


More than just a satisfactory substitute for plates made 
out of war-vital metal... Herman PRECISION GRANITE 
Surface Plates are a distinct improvement—definitely supe- 
rior in every respect. Cut from solid blocks of natural 
granite—far harder than any tools which will be used on 
them—they are absolutely warp-proof and remain accu- 
rate to 1/10,000 inch overall. Because they do not become 
charged with abrasives, even when used near grinding 
machinery, wear on tools is virtually eliminated. Both rust 
and corrosion-proof, they are practically indestructible. 
Already in nation-wide use in scores of important shops. 
Write today for full details on how Herman PRECISION 
GRANITE Surface Plates can increase production effi- 
ciency and economy in your shop. 


STANDARD SIZES AND WEIGHTS 


12” x 18”...75 Ibs. 20” x 30”. .275 Ibs. 
18” x 24”..160 Ibs. 24” x 35”. .480 lbs. 
Special Sizes on Request. Prices are Reasonable. 


Write for Illustrated Descriptive Circular. 


THE HERMAN STONE CO. 
1239 Leonhard Street Dayton 4, Ohio 








A few reasons why PERMOPIVOTS are now 


THE ACCEPTED PIVOT 


with precision instrument makers everywhere 


PERMOPIVOTS have 
emerged with an excellent 
record from both labora- 
tory tests and long periods 
of actual use under trying 
conditions. As a result 
PERMOPIVOTS are now 
generally accepted by 
manufacturers as the pivot 
that keeps precision instru- 
ments accurate longer. 


PERMOPIVOTS cannot rust 
or corrode. Their satin- 
smooth tip is non-abrasive 
. . . @liminates abrading 
particles of wear. Oil is 
eliminated by PERMO- 
PIVOTS extremely low co- 
efficient of friction. 


Write today for your copy 
of this informative booklet 
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plied except in isolated cases (such as the Neuchate) 
erland, 4000-kw. emergency gas-turbine plant and t! 
Federal Railway gas-turbine locomotive) partial gas 
cycles are in somewhat extensive commercial 0; 
Examples of these are the Diesel exhaust-gas turbh'; 
Diesel boiler cycle and the divided-manifold cycle. 





Some Phases of Structural Research a 
Goodyear Aircraft Corporation 


Abstract of paper presented at joint meeting of Society for py, : 
perimental Stress Analysis and Applied Mechanics Division of the 
A.S.M.E., New York, Nov. 28-Dec. 3, 1943. 


By E. L. SHAW, Goodyear Aircraft Corporation, Akron, 0, 


Considerations in designing stress models in general ar 
presented with various means for scaling down the elastic 
characteristics of prototype structures including attendant 
means for accurately measuring strains and stresses, The 
expected accuracies for this type of model testing including 
those associated with model design, model construction, an 
model testing, are presented to be exceedingly high and cor. 
responding closely with the analytical treatment for th 
prototype structure. Types and limitations of different load. 
ing for such a model testing are discussed. Experiment, 
results in the field of general structural instability of cy. 
lindrical framework are presented along with consideration 
in the design of such model representation. The effect of 
fatigue on certain composite structures shows interesting 
conclusions applicable to the general field of structural de 


sign. 





More A.S.M.E. Papers in February 


Sixteen abstracts crowded out of this issue at last minute on account o 
WPB paper tonnage limitations. See publisher’s statement on page 68. | 
possible, all sixteen will appear in the February issue. 
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Alsor type 1760 


PORTABLE PYROMETER 
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a long scale, sensitive accurate 
portable pyrometer, ideal for laboratory 
and similar service 


Type 1760 Portable Pyrometer with the special thermo- 
couples provided, affords extremely accurate temperature 
readings. Long mirror scale and knife edge pointer make 
accurate readings easy. High internal resistance allows 
moderate variation in thermocouple size, and length 0! 
connecting wire, without affecting accuracy. Internal auto- 
matic cold end compensator is standard equipment 

Type 1760 is available with single range and two range 
scale. Standard ranges from 0-300 deg. F. to 0-2500 deg. F. 
With rare metal thermocouple, range 0-3000 deg. F. Write 
for Bulletin 2416 with complete listings of all types. 


ILLINOIS TESTING LABORATORIES, INC. 
142 WEST HUBBARD STREET 
CHICAGO 10, ILLINOIS 
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INC. 


DILLON 
DYNAMOMETERS 





OR VERSATILE TENSION MEASURING 


Above view shows DILLON DYNAMOMETER hooked 

into mechanical assembly to indicate exact amount of 
friction encountered by packing in 
hydraulic cylinders. Just one of 
scores of uses for this handy in- 
strument. 


COMPACT — ACCURATE 


Measures only 814”x614”x3”"— 
weighs 8 lbs. 4 0z. Has Maximum 
hand. Thousands in use—capacities 
up to 20,000 Ibs. Not injured by 
overload, easy to use. Priced low— 
good delivery. 


WRITE DEPT. RD FOR LITERATURE 


4 f DILLON & CO 5410 W. HARRISON STREET 
e Ue “9 INC. CHICAGO, ILLINOIS 


The “human element” so consist- 
ently mentioned as a necessary part 
of every great accomplishment, is 
exemplified in the high quality of 
Thordarson transformers. From 
engineering laboratory to final in- 
spection, countless pairs of hands 
and minds work in harmony to 
bring about in each complete trans- 
former a coordination of effort that 
makes for superb performance. 





ELECTRIC MFG COMPANY 
500 WEST HURON STREET, CHICAGO, AL 


| Fiansformer Spocialests Gruce 89S 


ORIGINATORS OF TRU-FIDELITY AMPLIFIERS 
LA a RRS 
































Why These Basic 
Principles of Micro Switch 
Design Assure You... 


¢ Longer switch life than you will ever need 
e Absolutely precise and accurate repeat operation 
e 40 grams contact pressure—lightning-fast contact action 


The Micro Switch design incorporates features that provide desirable 
performance characteristics not generally found in snap-action 
switches ... The heat-treated beryllium-copper spring bends in the 
game direction as the operating plunger—no reverse bends—no 
“pilcan” action ... gives longer switch life—accurate repeat action 
—increased contact pressure—lightning-fast action—millions of 
operations on minute movement and force differentials. It is the 
choice of design engineers for all types of sensitive instruments. 





cial shape of these grooves, which 
reduces friction to a minimum. 


contact is 
a flat inlay 
of 99.95 % 
fine silver. 
This con- 


Stationary soeEEEEs 
. 
& 


The beryllium -copper spring is made 


in one piece. It is gauged to an accu- 
rate .008 5” thickness; has high resist- 
ance to fatigue. Ends of compres- 
sion members are finished to provide 
an extremely low friction bearing. 
Contact end of the spring is fitted 
with a riveted radius type contact 
of 99.95 % fine silver. It moves at a 
speed of 3/1000ths to 5/1000ths 
of a second with a rolling action 
and extremely high pressure. 





™ Short spring 
members piv- 

ot in patented 

| V-grooves of 

“4 this sturdy 

' | brass anchor. 
<j Note the spe- 





struction 

assures 

ample over-load capacity and maxi- 
mum heat dissipation. 


Operating = 

plunger is a | 

highly polished 

stainless steel 

pin imbedded | 

in an accurately 

moulded star- 

shaped Bakelite © 

head. Provides long over-surface 
path to live parts, thus insuring free- 
dom from electrical leakage. Plunget 
head cannot rotate within the hous‘ 
ing, insuring against any variatios 
in point of operation. 


if you would like to know more about the 
Micro Switch, send for the two Handbook- 
Catalogs illustrated here—No. 60, which 
covers Micro Switches in general; and No. 
70 which deals with specific Micro Switches 
for use in aircraft. ® 194 


Micro Switch is a trade name indicating manufacture by Micro Switch Corporation 


MICRO (MS, SWITCH 


Manufactured in FREEPORT, Illinois, by Micro Switch Corporation 
Branches: 43 E. Ohio St., Chicago « 11 Park Place, New York City 
Sales and Engineering Offices: Boston * Hartford + Los Angeles 


January 1944—IJnstruments—Page 59 





KRON 


WEIGHT CONTROL AND FORCE 
MEASUREMENT INSTRUMENTS 


Our latest— 


KRON 
DRAW BAR 
DYNAMOMETER 
SCALE 
for 
Aircraft 
Control Cable 
Testing 


ENGINEERED APPLICATIONS 


Our engineering staff has designed literally hundreds of engineered 
applications of KRON Scales of all types for special processes and 
unusual weight control problems. 

KRON SCALES ARE BUILT IN CAPACITIES FROM 50 to 40,000 Ibs. 
KRON LEVERS are so designed that they can be adapted for prac- 
tically any size or shape of platform, hopper or tank. KRON dials 
can be furnished with or without tare beams on column and also 
with cabinet having one to seven increments of unit weights. 
WEIGHT PRINTERS, RECORDING DEVICES, PHOTO-ELECTRIC 
CELLS, MERCURY or MAGNETIC SWITCHES, VARIABLE CAPACI- 
TANCE CONTROL, and many other accessories and contro! systems 
can be supplied for engineered applications. 


The KRON CO. 


1728 Fairfield Ave. Bridgeport 5, Connecticut 
Offices in all principal cities 











PRECISION TO THE “Nth” DEGREE 


Perfect co-ordination of skilled minds and hands 

in a well knit organization with 20 years of radio 

manufacturing experience has been the secret of 

MERIT'S success in building precision equipment 
to the most exacting specifications. 


Now manufacturing tor every branch 
of the Armed Services. 


ges of component parts for 
the famous SCR-299 mobile 


Since 1924 


Transformers — Coils — Reactors 

— Electrical Windings of All Types 

for the Radio Trade and other 
pa Electronic Applications. 


MERIT COIL & TRANSFORMER CORP. 


CHICAGO 6, U.S.A. 


311 North Desplaines St. 
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New, simplified. design incorporates Case, ; 
handle and cup in One-piece, corrosion, 
proof porcelain. Units now OVailable 
have a range of 0° to 160° F. with 1 
red liquid filled thermometer hc Ving one. 
degree graduations. Other ranges con 
be supplied up to 750° F., if desires 


Constant refinement in design and cop. 
struction as well as a wide fund of api. 
cation experience are yours when you 
specify H-B instruments—Thermometer 
Thermo-Regulators, Relays. Write! 


H-B ‘INSTRUMENT COMPAn) 
2525 No. Broad St., Philadelphia 32, Pen 


Rely on H-B Jrstiuments 
THERMOMETERS « HYDROMETERS . 
THERMO-REGULATORS «+ RELAYS H i 














For remote manu! 
ture, pressure, flow or level opening and closing 
measuring instrument of valves, use ¢ two 
equipped with “High” and contact push Dutt: 
“Low” contacts. station. 


screw thru a sturdy 
gear reduction. Limit 


switch built-in. Can &™ ce RE a eR 


operate slip- stem g NEW DATA > : 
Send Catalog A 7 

| 

I 


ig aad 
GENERAL ie \ 
SPECIFICATIONS 
Universal, reversible 5 sPeeps LIFT FORCE 
motor drives a power 2,3,4,5,7 sec. to 5501 


valves up to 12” at nor- : 
mally used pressures. a 
Easily installed in inac- = "ame 
cessible locations in 
either vertical or hori- 
zontal pipe lines. Firm : 
May be weather-proof, eee 
explosion-proof, acid- 


proof, water-jacketed 

or supplied with mini- rill (oe ndubtri Cov:tnah 

mum flow adjustment. 
AUTOMATIC TEMPERS URr | 


MAIL COUPON CONTROL COMPANY INC 


TODAY 34 E. LOGAN STREET, PHILA. 4, PA} 























\COrporates cas 


Piece, corrosioy, 

NOW availabl, 
160° F. with the 
eter ha ving one. 
ther TaNnges con 
° F., if desired, 


design and cop. 
le fund of appi- 
yours when yoy 
—Thermometer, 
ys. Write! 







’ COMPANY 
lelphia 32, Pema 











-RATION 
e Manual 
Z 
ie 
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r remote manual 
ening and closing 
valves, use & two 
atact push Dutice 
tion. 






LIFT FORCE 


to 5501) 















HEISE BOURDON TUBE 
LasoaaTones 





EVERY DAY we are shipping these precision pres- 
sure gauges to be used in place of dead weight 
testers. They are accurate, dependable and easy 
to read. Delivery—2 to 6 weeks. 


RANGE FROM 0-60 Ibs. to 0-10,000 Ibs 
Ns ssn caw soba 144.00 


- 6 eS ery 





uf 
A method f° meas 
NCE 
cE FINISH RESISTA 
A $ 
Digs 4 d Scrape ar Mbesoes 
- s resting with th uting om per 
sHEAR- INES hod cont rs 4 simi 
i. = a6 ro digs 8 ormal weat 
is pie” esist ot aus b im wide applications 
surface - 3 in 4012 jllustratins c RP 
; write for nes EN sm P. 
N 
T A E oo pRY st nN T MT eensiscnreeree 
4111S Go 4 Builder? © precision 
Des re 
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ERE AT SOMCO, War work now 
commands top billing on our production 
program. This is as it should be, for America’s 
weapons of War need the precision lenses, prisms 
and optical flats SOMCO is so well qualified to 
produce. 


But, tomorrow, when Victory is won, SOMCO 
will again produce optical equipment, improved 
by our war experience and with new benefits 
from war innovations. And, tomorrow as always, 
SOMCO will assume its leadership because it has 
never abandoned its policy of applied research. 


Because we must prepare for Peace while winning 
the war, we welcome your inquiries about your 
present problems and future plans. Our , 
research, engineering and production 
staffs are always at your service. 


SIMPSON OPTICAL MANUFACTURING CO. 


3200 W. CARROLL AVE., CHICAGO 24, ILL. 


PROJECTION LENSES bd CAMERA LENSES ° PRISMS 
OPTICAL FLATS e SOUND OPTICAL SYSTEMS 
AND LENS COATING FOR LOW REFLECTION 


* 


SPHERICAL LENSES: Spherical optics, precision polished, designed to meet 
the varied functional requirements of scientific optical instruments such as 
sights, telescopes, Fire Control and Navigational instruments, projection lenses 
and microscopes. 


— \ 
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METERS and CONTROL 
for Bailer Room 
Senuice 


Boiler Meters 
Reduce fuel 
costs, lessen 
maintenance 
and outage, low- 
erstandby costs, 
and add capac- 
ity. They indi- 
cate, record and 
integrate Steam 
Flow from the 
boiler, record 
Air Flow sup- 

lied for com- 
Lessin and record Flue Gas Temperature. 


Bailey Boiler Meter 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 


Multi-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 
water, compressed air and other fluids. 


Granular Material Meters 
For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which 
may be easily read at a 
distance of 50 feet. 


Control Systems 
Make possible the every- 
day operation of equipment for steam 
generation and utilization at test efficien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors. 
conden est be ging Ao the above Bailey 


will be gladly upon request. 
G-14 


BAILEY METER 
« COMPANY - 


1041 Ivanhoe Rd., Cleveland,Ohio 


BAILEY METER COMPANY LTD., MONTREAL 


Coal Meter 


Page 62—Instruments—Vol. 17 





The Month’s NE 
INSTRUMEN 


Transmission-line Relay 

New high-speed distance relay of im- 
pedance type has been designed for heavily- 
loaded long lines. Manufacturer’s announce- 
ment does not give a physical description 
of relay but describes it in terms of the 
problem and its solution, thus: Distance re- 
lays that protect electrically-long transmis- 
sion lines must be able to distinguish 
between load impedance and fault impe- 
dance; they must discriminate between a 


TRIPPING AREA * 
FAULT OHMS 


SANA IN 
NAREA_O 
XN LOAD OMS i 


AC 


legitimate load and a fault. Generally, 
fault impedance is so much smaller than 
normal load impedance that a relay can 
discriminate between the two, but if line 
is long and load heavy, standard impe- 
dance relay would operate incorrectly dur- 
ing full-load conditions. Owing to wartime 
power loads, more interconnections and 
longer lines, impedance in a short circuit 
often is greater than that resulting from 
full-load current flow. To meet these con- 
ditions, relay must not operate on surges 
that do not upset system-synchronism, must 
be provided with some different sense of 
perception, must trip for faults but remain 
undisturbed for conditions that do not pull 
the system out of stop. New high-speed im- 
pedance relay has this discriminating abil- 
ity: new design makes use of the wide 
difference in phase angle that usually exists 
between load and fault currents on electri- 
cally-long circuits. Load currents on long 
lines generally are near unity power factor 
—fault currents lag by 60° or more. New 
relay’s characteristics enable it to recognize 
not only magnitude of an impedance but 
impedance angle as well. — Westinghouse 
Elec. & Mfg. Co., East Pittsburgh, Pa. 











“Telegon” Unit for Low-torque 
Rotatable Transformer 


Applications 


New “Telegon” unit (herewith illustrated 
in exact size) weighs 5 oz. Its rotor weighs 
only 0.06 oz. Equipped with jewel bearings, 
it operates with “probably less torque than 
any other similar unit.” It has made pos- 
sible a recent development in electronic con- 
trol, particularly in airborne equipment: 
its use as rotatable transformer where only 


extremely low torque is availab). 
compactness and light weight are 
requirements. Most applications of 
call for feeding a high-frequency 
ing current into the rotor excitat 
ing, and taking an. induced volt 
the 2-phase winding, which varies rough) 
proportional to angular movement, 
voltage is amplified and fed to a variety g 
devices. An “ideal application” would » 
field control in an Amplidyne type uni 
“Type 315S-971” operates at 110-volt 4 
cycle, requires input current of 0.018 amps 
and input power of 1.3 watts. It has gy 
external solder terminals. Other units ap 
available operating from 85-volt 400-cy¢ 
or 26-volt 400-cycle sources.—Kollsman hy. 
strument Division, Square D Co., 86-08 si 
Ave., Himhurst, N. Y. 


Or wherg 
mportang 
this sord 
Alternat 
ion Wind. 
18€ frop 





Thermocouple for Carburizing 


New type thermocouple, to be known g 
“Carbucouple,” has been designed and om 
structed for a cyanide carburizing in hea 
treating and allied industries. It is said » 
feature a uniquely designed hot leg, om 
sisting of an outer tube which has be 
heat-treated and surface conditioned by, 
special process, and an inner ceramic tu 
to protect thermocouple accuracy. 
made for “Brown Carbucouple” 
lower base cost, greater durability an 
sitivity and assured accuracy. Prompt é& 
livery is also assured by reason of | 
non-critical materials. Extensive test 
said to have shown at least twice the lif 
of thermocouples made with nickel tube 
also that new couple is more sensitive 
responsive. Special inner tube is sai ! 
protect thermoelements throughout life 
tubes, overcoming deterioration of an » 
protected couple.—Brown Instrument ( 
Wayne & Roberts Aves., Philadelphia | 
Penna. 





Centralizing Type Blind Hok 
Gages 


New “Model 1201 P-20” and “Model 12 


P-21” blind hole gages are designed ! 
check inside diameters to within 0.030" 
bottom (see diagram in illustration). | 
ternal operating friction, lost motion 
wear are said to have been practical! 
eliminated as all moving parts in the s2 
ing head are spring-suspended. There # 
no bearings or bushings. These featur 
also permit gages to be used under adver 
conditions as a reasonable amount of &§ 
coolant, or dirt in the gaging head does 
affect accuracy aensitivity of the gage. !¥ 
auxiliary locating contacts centralize ' 
measuring contacts diametrically a 





‘“LUBRI-TACT” PORCELAIN. TUBE RHEOSTATS 


} 
] 


110-volt 4. 
of 0 018 ampa 
ts. It has gy 
ther units ap 
Volt 400-cye 

Kollsman h. 
70., 80-08 45th 


izing in heag 
. It is said p 


sive tests 
twice t 


nickel i SS ES A HABIT es and seven re tqwe lubej 
. + 4 4 a ) 9 re eer vera . : 
ITH UNIVIS oe 


: also With 
strument ( Millions of finest quality multifocal ing. types for 
iladelphia ‘> yhthalmic lenses ... made to exacting 
Mprecision standards . . . were the back- 
round that Univis possessed when the 
all came for production of precision 
bptical elements for our Armed Forces. 


“Model 1! rue... new facilities and equipment 
designed "Hibad to be created, designed, built. Skills 
ad to be converted . . . personnel 

ained. But the basic requirement—+he 

abit of precision—was already there—an 

tegral part of the Univis make-up. The 
esult—unprecedented production and a 

emarkably high record of acceptance 

br Univis precision optical elements. 


his priceless habit of precision is avail- 
ble to users of precision instrument 
Pnses and prisms. Production for our 
rmed Forces, of course, is the para- 
hount concern of Univis today. But 
e shall welcome the opportunity to 
iscuss and assist in the development 
f your post-war products. 


& 

is 

tL EWS Co. 
ce N@ DI®ISION 


‘¥TON,. oH io | “JAGABI” COMPRESSION CARBON RHEOSTATS 
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WHAT do you need 
in a PYROMETER 


SENSITIVITY RESISTANCE 
DURABILITY SIMPLICITY e 


Engelhard Direct Deflection Indicators have all these features . . . Accurate sensi- 

tivity to the most minute voltage variations due to suspension type construction .. . 

High resistance per millivolt and no appreciable error when used with thermocouples 
of different resistances and on connecting leads of consid- 
erable length . . . Sturdy construction, adapted to use under 
severe conditions without danger . . . So simple that instant 
readings may be made directly in either millivolts or tem- 
peratures by someone unfamiliar with the principles of pyro- 
metry . . . On kilns or furnace installations, where ‘spot 
readings” are desirable—the Engelhard Rotary Switch permits 
separate readings from many points. 


Write for 
Catalog 


PORTABLE 
MODEL P-1 


CHARLES ENGELHARD, INCORPORATED 
90 CHESTNUT ST. NEWARK, NEW JERSEY 


\NMERSION-PRo pp LDS no THREAT F® ast 


° 


SHOCK-pROOF TRANSES 


A product of the between the Army, Navy and 


N-Y-T engineers, this unit .con- 


q \ ‘ 7 
any ca forms to the most exacting require- 
} a WZ ar ments of modern military..equip- 
. ment. 
Service Department Re te aia 
Beet ese. 


sign, its proportions have been 
engineered to permit maximom 
performance, while utilizing only a 


minin.um of space. 

The immersion-proof case has been 

custom-built to do a specific job, 

further illustrating the policy of the 

NY 4 Semple Department of 
g individual mechanical and 


ica requirements: Your in 


NEW YORK TRANSFORMER COMPANY \(i7/ 


26-28 WAVERLY PLACE,NEW YORK.N.Y. XJ 
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center of hole. A slight rocking r 
required to locate contacts at rig} 
to walls of hole in all positions ; 
bottom of hole. Gage measures 
direct and can be easily set to a 
gage“blocks or a micrometer. Ind 
“Model C1KS,” graduated 0.0001’ 
of contact points —0.005” to + 0.00 
0.0015”—0-—0.0015”. Range of “I! 
0.500” to 0.750” with 5 extensions; 
“P-21” is 0.750” to 1.250” with 
sions.—Federal Products Corp., 11: 
St., Providence, R, I. 


Electric Tachometer 
New seif-energized tachometer can be useq 
either as a “Hand Type” or “Separable 
Type.” Essentially, it consists of smal] 
generator coupled electrically to an electric 
instrument, Generator itself consis of a 
small Alnico permanent magnet rotor 


. 


mounted on precision sealed ball bearings 
and capable of continuous operation at any 
speed within limit of indicator. This indicat. 
ing instrument is a rectifier type, with 
d’Arsonval movement, capable of withstand. 
ing a momentary overload up to four times 
the maximum speed indication without 
damage. It is provided with two scal 
“Hi” and “Lo.” The “Hi” scale indic 
the maximum reading obtainable. A s 
switch incorporated in the case provides 
easy changing from “Hi” to “Lo” ra 
yenerator and indicator are made as dis- 
tinctly separate elements; may be coupled 
together by a precision made bayonet lock 
as a “hand type” tachometer or, for man 
applications including permanent moun 
generator and indicator may be separ 
and connected only bv a two-cond ctor elec- 
tric cord, A 5-ft. cord complete with coup- 
ling plug is provided, but a cord wp t 
several hundred feet long (of proper siz 
wire) can be used yithout introdu 
appreciable error in scale reading. S 
generator 1%” dia. x 3%” long, (inc 
ing %” shaft extension) ; weight 8 oz. Siz 
of indicator 3” xX 4%4” XK 2%”; weight 2 
oz. Size of complete unit, .3” xX 6 
21%,” (including %” # £=shaft extension) 
weight 3 Ibs. New tachometer is availabl 
in two sizes for 0 to 2500 r.p.m. and 0 t 
5,000 r.p.m.—Ideal Commutator Dresser C 
1420 Park Ave., Sycamore, Il. 


71" 


Signalling Timer 
New “Series S Signalling Timer’ is 
signed to command visual and audible at 
tention the instant a time interval is com: 
pleted, it provides for automatic closing 0! 
opening of a circuit at end of elapsed time, 
operates additional buzzers, bells or lights 
at remote locations. Operation: When point- 
er is manually set to required interval 





















DIAL INDICATORS. 
and GAGES 


“If you haven't used | 
one of these gages, | 
you don’t know their | 
possibilities.” | 



















CALIPER GAGE —a very 
popular gage with hun- | 
dreds of practical, | 
everyday applications. 


i 


2 





ll bearings 
tion at any 
his indicat. 
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i mas ey | 































-of 1% than any other manufacturer. 
These include all ranges from a fraction of an ohm to 10 


x 


»xtension) THREAD GAGE= 


type, with a ey 4 

withstand. e, 2 | | 

four times c¢ > Le 
m without x ue J 
VO scales— ; I 
e indicates : } | \ ‘ 
e. A small | | ‘i ‘ \ } 
rovides for | { q 
Lo” range, 8 \ 
ide as dis- | 
be coupled - 
tyenet lock TBE SNAP GAGE (adjust- | 
Ned a able)—no dependence Pe 
mounting, n “feel”. Dial tells 
separated at a glance the whole | 
"ctor elec- story. | 
with coup- 
ea wet | IN CLOSE-TOLERANCE RESISTORS | 
yroper siz HOLE GAGE — entirely ' 
ntroducing mechanical, easy to use, | | Close-tolerance resistors are the kind that Shallcross makes. 
ig. Size of self centering, sensitive a . 5 ; - . | 
z, (includ ond accurate, | | We were first to produce non-inductive pi-wound resistors. | 
vg | We make a broader variety of types to a standard tolerance 

























3 available measures pitch diam- 
and 0 t Mirai cane ce. megohms, in many shapes and sizes. : 
resser Cr easily changed for Other types as exact as 0.05 of 1% are also available. 
Every Shallcross AKRA-OHM Resistor is mois- | 
-ture-protected, fullydependable, and time-tested 
thee on exacting applications throughout the world. 
tudible at- 
- soe It pays to buy exacting items from a specialist. 
racing Po Our engineers will gladly cooperate in helping you 
or lights TESTMASTER Univer- select the proper type. Write for the Shallcross 
hen point: sal DIAL INDICATOR Akra-Ohm Resistor Catalog. 
1 interval —small, accurate, } 
compact and light. 
4 For general tool room 
and machine shop 
use, 





ese and hundreds of other Federal gages, 
daptable to practically any gaging requirement, 
ill help you accurately control dimensions in 
roduction and make possible fast, dependable 
nal inspections. For further information, write 


EDERAL PRODUCTS CORP. 


ROVIDENCE 1, RHODE ISLAND | 






me 


SHALLCROSS 
PRECISION SWITCHES 


SSHALLCROSS MFG. CO. 


, , aM) 
pn now we've added on x ENGINEERING - DESIGNING - MANUFACTURING 


he “White Star’ ¢ * 
pu Me. weg err Citar Dept. |S-14 
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The PALMER Thermometer 
works silently, without glamour, 
because it was built for long 


Tit 1t\ tad 
f 7 mip 


to be easy to read. 


service, guaranteed accuracy and 


When battles are fought above 
deck, the engineers continue their . 
scheduled tasks, obeying orders side by side with high powered 
Diesel Engines and the Thermometers and instruments upon which 


they rely. 


When Victory comes again, give the Instruments and the Men equal 


credit for a job well done. 
will give you... 


In Peace Time, these same Thermometers 


cated and magnitude and polarit) 
distortion measured. It can also 
as a general-purpose instrument 
mapping magnetic fields surrounding 
ment. Magnetometer comprises: 
cating Unit consisting of a stabilized, |oy. 
gain amplifier and an electronic bridge fo 
indicating field strength and polarity: (5) 
Pick-up Unit which supplies controlling sig. 
nal to indicating unit and is mounted fo 
rotating about a vertical axis to determin 
angles accurately. Summary of other fea. 
tures: “Reversibility of flux gate, 189! 
apart, adjustable; accurate protractor scale 
read to 3’ of arc; calibration in degre 
variation of scale reading; non-shifting 
zero; peep sights for alignment; sensitive 
level tubes; direct reading scale—no cali. 
bration chart; multiplier scale in convenient 
units; easy to calibrate; sensitivity 10 o 
less milligausses full-scale; no interference 
between pick-up and indicating unit—at 3 
temperature effects, if any, can be nullifiel 
by means of quick calibration check.’- 
Waugh Laboratories, 420 Lexington Av 
New York City. 


Bin Level Indicator 
New dry materials bin level indicator 
utilizes electronic principle, is said to bh 
“wholly foolproof because there are no mov 
ing parts to wear or get out of order,” ’ 
effective in measuring all types of material 


LONG LASTING SERVICE 
GUARANTEED ACCURACY 


RED - READING - MERCURY 
(So Easy to Read) 


THE PALMER COMPANY, Mfrs. 


INDUSTRIAL, LABORATORY, DIAL & RECORDING THERMOMETERS 
2511 Norwood Ave., Cincinnati, Norwood, O.—Canadian Plant: King & George Sts., Toronto 





shown on dial, a circuit is closed which op- 
erates a pilot light indicating that the time 
interval has started. Moving pointer re- 
volves counter-clockwise toward zero and 
shows time elapsed. When interval is com- 
pleted, audible alarm sounds and pilot light 
goes out. Buzzer continues to sound until 
toggle switch is snapped to “off” or the tim- 
ing interval is again started by moving 
pointer to the required time interval. Socket 
on side of timer case provides for connec- 
tion of additional lights or alarms. If cir- 
cuit closure is required during the time in- 
terval, change-over wire and terminal is 
provided at rear of timer case. Rapid re- 
setting of pointer knob, when the same time 
interval is to be repeated indefinitely, is 
afforded by adjustable stop. Black metal 
case is readily attachable to any wall or 
panel or standard switch box. Size 5” x 5” 
x 3%” deep. Operates on a.c. 115 to 230 
volts: 25, 50 or 60 cycles, 1000 W. Voltage 
and frequency to be specified. Motor is 
slow-speed self-starting synchronous type. 
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Pure silver contacts are used throughout. 
Connection to the line is made with line 
cord. Voltage, frequency and switch rating 
are plainly indicated on name plate. Mod- 
els are available with dials to: 1, 3, 5, 10, 
15 and 30 min., 1 and 3 hr.—Industrial 
Timer Corp., 117 Edison Pl., Newark, N. J. 





Magnetometer for Aircraft 
Analysis 


New “Model MW-3” Aircraft Magnetome- 
ter is primarily designed for magnetic con- 
trol of the air frame, but is also useful as 
a general-purpose precision instrument for 
magnetic measurements. Components of the 
earth’s fleld can be accurately measured at 
the test site. In aircraft, it may be placed 
at the compass location or a proposed com- 
pass location and used to measure direction 
and magnitude of magnetic fields ‘present. 
Magnetized members or electric circuits pro- 
ducing magnetic fields can be readily lo- 


whether fine or coarse, is said to be easy 
install and inexpensive. System consists & 
two parts: (1) A detector box attached t 
a probe extending into the bin, and in whit 
box are a series of vacuum tubes. (2) Sift 
nal control whica is attached to 
of colored lights that show when th« 
full, empty, etc. Hook-up with 
offs. sound makers, or remote signa! devic 
can readily be arranged through a series & 
appropriate relays.—Mosher Electroni Com 
trol Systems, 130 West 42nd St., New Yor 
0G. Bi Ss 


2 sere 
bin # 
valve cut 





Good News! 

Reprints of Spencer’s seria! on 
Maintenance and Servicing of 
Electrical Instruments are avail- 
able. 


See page 80 
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4OTOVOLT 
-ECTRONIC TIMER 


» adjustable timing relay operating 
hout clockwork or motor. 
@ High speed timing, from 140 sec. up. 


@ immediate automatic resetting 
@ Push button and remote control 





- a 
f “) 
“a —” x 


Any number of standard units can be 
combined for 
Sequence Timing and Recycling 
in continuous operation. 
For 
Production and Process Control 
Welding, Printing, Signaling 
Laboratory Use and Life Tests 


Write for literature 


PHOTOVOLT CORP. 


95 Madison Ave. New York City 











For Extremely Close 
Temperature Control 


Visual-Stats 


. Sensitivity of a hundredth of a degree 
Is easily attainable. @Top of mercury 
Column visible at control point (where 
mos? important) because electrodes ter- 
minate at back of tube. No encircling 
metal bands! @ Available in angle form 
(illustrated) or conventional! straight form. 
@ Send for brief, attractive bulletin. 


The Philadelphia Thermometer Co. 
S15 Filbert Street +t Philadelphia 


Uidest Thermometer Manufacturer 
in Philadelphia 





MIDGET CONTROLS 


Clarostat Type 43 
WIRE-WOUND MIDGET 


Smallest unit now available 
of that rating. 


Rated at 2 watts. 1 to 10,000 
ohms. 


Matches Clarostat Type 37 
midget composition-element 
control—in appearance, di- 
mensions, rotation, switch. 
Available with or without 
power switch. 
Available in tandem assem- 
blies—suitable combinations 
of wire-wound and compo- 
sition-element controls. 
Type 37 composition-ele- 
ment controls rated at 1 
watt. 500 ohms to 5 meg- 
ohms. 














* They look, measure and operate the same 
—these Clarostat wire-wound and composi- 
tion-element midget controls. Fully inter- 
changeable, mechanically. Can be made up 
in various tandem assemblies. 


Clarostat Type 37 midget composition- 
element controls have been available for 
several years past. Their stabilized element 
has established new standards for accurate 
resistance values, exceptional immunity to 
humidity and other climatic conditions, and 
long trouble-proof service. 


And now the Clarostat Type 43 midget 
wire-wound control is also available, to 
match Type 37 — matched in appearance, 
dimensions, rotation, switch. 


For neatness, compactness, convenience, 


trouble-free operation—just specify these 
Clarostat matched midget controls. 


* Write for literature. Submit that re- 
sistance or control problem. Let us 
quote on your requirements. 


and QU 


CLAROSTAT MFG. CO., Inc. - 285-7 N. 6th St., Brooklyn, N.Y. 
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OTT MAINTEN Aa 


BARBER-COLMAN 


HEAVY DUTY 
POWER UNIT 


This sizeable (11” x 103%” x 
9%” overall) power unit, which 
operates off line voltage, is ideal 
for applications requiring a 
heavy-duty high-torque (350 to 
750 lb. in.) motor and gear 
reduction with built-in limit 
switches. Common uses in- 
clude: @ Regulation of heavy 
dampers in combustion control 
systems. @ Operation of large 
butterfly valves and blast gates. 
® Operation of large air and 
gas valves, multiple ratio fuel 
valves, and industrial fuel car- 
buretors. * Write for Bulletin 
F-1912 “Power Units’. 


BARBER-COLMAN COMPANY 
1202 ROCK ST. e ROCKFORD, ILL. 





Want Complete Blackout and 
Fully Uluminated Jewel? 


NEW efficiency has been designed and built into 

the new No. 85 DRAKE Shutter Type Assem- 
bly! Now, for the first time, a 90 degree clockwise 
turn made easy by a sure-grip knurl, brings COM- 


PLETE blackout... 


a 90 degree counter clockwise 


turn FULLY illuminates jewel. (Same rotation as 


aircorps part #42B3593). This new No. 85 is, we 
believe, the ONLY Shutter Type Assembly without 
a central pilot hole that permits light leakage. A 
firmly locking, slip-fit bezel is instantly removable 
without tools, for easy lamp replacement. It has the 
same general specifications and is interchangeable 
with our No. 80 Polaroid Type Assembly. Do you 
have the newest Drake Catalog describing the No. 85 
and other new Drake patented products? 


Ske, NO. 85 “tyre 


A) 


we 3 


DRAKE MANUFACTURING C0. 


CHICAGO 7 2 


13 fESLT HUBBARD -Si., 
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PILOT LIGHT ASSEMBLIES 


i) ° 











The Paper Conser 
Campaign 


A statement by 
Richard Rimbach, Pre: 
The Instruments Publishing (,,| 


ONALD M. NELSON, Chairy 

of the War Production Board, 
a recent letter to magazine publighe 
states: 


“The shortage of pulpwood and Wo 
pulp has become more serious, and it 
necessary for us to place additiong) 
strictions on your use of paper, bering 
January 1. Similar curtailment me 
be required of other paper users, 
that the sacrifice will be distrib. uted a 
tably. 


“It will tax your resourcefulness to m 
the additional cut, and the contributig 
your periodicals are making to the , 
effort will be hampered in some degy 
However, with the same recognition 4 
you accorded to the need for the ear 
reduction, I am sure your record suppy 
my belief that you will do the job ¢ 
must be done.” 


A number of suggestions are offer 
by the WPB in order to “stretch 
paper mileage.” Publishers are ur 
to “study these items and discuss thd 
with the printer.” 


Reduced Basis Weights: It is pointy 
out that pre-Pearl Harbor magazix 
used up to 80-pound basis weights wi 
covers up to 150-pound basis. Inst 
ments and The Instrument Maker hay 
reduced basis weights in line with oth 
magazines. At present these publia 
tions use 30-pound machine-finished 
editorial-matter pages, 40-pound coa 
for advertising and 70-pound coat 
for covers. 


Reduced Overall Trim Size: Beto 
the War most trade and _ technic 
magazines used an overall trim siz 
8%” X 11%”. In January 1943, tl 
was reduced to 8%” X 11%". Ti 
January the size is being reduce 
8” X 11%”. Our two publications # 
conforming to this size. 


Reduced Type Size and Leadiy 


| WPB suggested that type sizes be® 
| duced: for example from 12-point 
| 14-point body to 10-point on 11-8 
| body, thereby requiring less paper! if 
| a given amount of editorial content | 


1988 the editor of Instruments mait 


| study of the comparative legibility ! 


words-per-square-inch characteristt 
of all the body type faces available 


| our printers’ and, as a result, the 
| for feature articles in Instruments ' 
| changed beginning January 1939 © 
| on-9 “Century”—giving appr imate 


42% more words per square inch t 
before this change. For the dep 
ments of Instruments which had ™ 
set in 8-on-9, he specified 6-on-7 (a 
in some cases 6-on-6) Century. So 
what similar changes were subsequeé 
ly made in The Instrument Mav 
Examination of these two publicati 


| will show that further reduction 










































































ser atios 


PORTABLE rT} . 
na | iC ATSTONE BRIDGE ... @ SIMPLE mechanism, 


t by : hy T ” 
ide 4 using a photoce 

blishing Co, | | 

JON, Chai J 

ction Board, 


a publishe ee Popular magazine articles, speak- peer. Actually, Luxtron* 
=: "ek ing of the wonders of modern in- hotocells simplify the circuits 
struments, often imply that any- and operation of equipment. For 


wood and » thing with a photocell is com- instance: 


erious, and jt 
@ additiong] 
Paper, beginnj 
ilment will ; 
r users, in ord 
distributed eqy 


efulness to m 
he contributig 
ing to the y 


in some deg igh grade instrument for measuring re- 


recognition tyinces from a fraction of an ohm to 10 
for the earjfi/ohms. Contains a 4-dial rheostat, ratio 
record suppo gaivanometer and battery, all enclosed 
do the job ¢ substantial walnut case. Nine coils per 


Accuracy .1%. Built to endure. 


No. 1050—Portable Wheatstone Bridge 
ons are offer with Murray and Varley Loops. . .$110.00 
‘© “stretch ule No. 1052—Portable Wheatstone Bridge 

Stretc without Murray and Varley Loops.$90.00 
ers are ur 


d discuss the Send for Bulletin Ne. 105 


BICON COMPANY 
3: It is pointy Electrical Instrument Makers 
or magazin Ave. at 35th St. Philadelphia, Pa. 
S weights wi 
basis. Inst 
nt. Maker ba PHOTO-ELECTRIC COLORIMETER 
line with othe 
these publia 
ne-finished 


; Ititude of bio-chemical tests. 
-pound coat BURLING to a multitude of bio-chemical tests 


‘pound coat 








speeds, simplifies, and gives new accuracy 


TEMPERATURE 


Each instrument is individually pre- 


Size: Beto ; : 
; calibrated for 36 different tests. A 
and _ techni LIMIT SWITCHES revolving filter disk is permanently 
li trim size installed, simplifying filter changes. 
ry 1943, = , . Light intensity can be varied by 
"114". Ti i operating a unique “light valve.” The Leitz Photo-Electric Color- 
g sateeill All you do to complete a test with cal { thich Celts literctore 


the Leitz Photo-Electric Colorimeter saan *; « . Remnieh enenet- 
is: 1. With a cell containing dis- ionally ‘Sikhs ond. qalterm 
tilled water inserted, set the indicator characteristics. Its high sen- 


blications # 











ind Lead at 100. 2. Replace the distilled py NB og di bth 
oo. 1 a water cell with one containing the is @ definite advantage in 

e yn ben . unknown, then note the new reading. + iy colorimetric determin- 

1 12-point 3. Refer the new reading to the in- Lasten* ghetecsile develop 

t on 11-pil | MODEL H strument's calibration table for the sufficient current for direct 

ess paper {i exact concentration of unknown. a eee - 

al content | with Manual Reset Button For further information on this useful quiring enoliien,, wr 

nents matt instrument, write direct to E. Leitz, or complete technical data 

legibility a flable ” ith switch normally closed for Inc. a ‘Fifth Avenue, New York a EE, Sie 

"wang off heat, stopping fan, closing valve 19, ‘ } 

haracterisw ith switch normally open for lighting *Trade mark Reg.U.S. Pat. Off. 

; available GP or ringing bell—with single pole 

sult, the ty ble throw switch . . . breaks heating circuit 

, nts e closing alarm circuit. Sturdy, fool-proof 

rum button operates from outside case. Range 


ry 1939 t 00° F; adjustable range 200-300° F. Di- 


ppri cimatq ae 5¥y” x 154” x 3”. Dial Pointer for 
ure inch th — 
the dena RUMENTS ALSO BUILT TO SPECIFICATIONS 
ich had bef Send for Informative Bulletin 
6-01 { (al . 
, Som 


ry. URLING INSTRUMENT CO, 
— < 251C Springfield Ave. LABORATORIES, INC. 
pub cat a COEUCaa Bee 82 Meadow Street, New Haven 10, Conn. 


reduction 
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PROMPT 
DELIVERIES! 


Three stock models--5, 7 and 10 reed...available 
in wide range of frequencies and all standard line 
voltages; operates correctly in any position. No 
pivots, jewels, or rotating parts... simple con- 
struction assures exceptional accuracy. Built to 
highest Government standards. 

WIRSHING MANUFACTURING COMPANY 
3234 Mines Avenue*los Angeles 23, California 





AMTHOR Dead Weight 
Pressure Gauge TESTER 





Modern design and construction puts 
this rugged precision instrument in 
a grade above the ordinary dead- 
weight testers. 


Made in eight ranges, to 3000 Ibs. 
maximum, 


We guarantee 1/10 of 1 percent ac- 
curacy in each range. 


The Type 452 is designed for sim- 
plicity and compactness. It incorpo- 
rates the newest refinements and 
improvements. Adapters and tools 
are supplied, as well as either car- 
rying case or protecting cover. 


Immediate and intelligent at- 
tention will be given to your 
inquiries on all industrial 
speed measurement problems. 
Drop us a line today. 


Amthor Testing Instrument Co., Inc. 
49a Van Sinderen Ave. Brooklyn, N. Y. 












Write for complete catalog 
data and Quantity Prices, 
and learn the exceptionally 
favorable delivery available 





Bausch & 

Lomb Oil 
Immersion 
Objective— 

97X-N.A. 1.25, 





Accuracy that Counts 
on all Fronts 


At first glance there would seem to be little re- 
lationship between an intricate, ten-foot long 
height finder and a microscope objective with 
lenses of less than one millimeter in radius. Yet 
both are the products of the same eyes, the same 
facilities, the same standards of accuracy, the 
Same experience. Both are aiding in America’s 
war effort. Both are products of Bausch & Lomb. 

The lens computing and grinding skills that 
for years have produced the minute, exceedingly 
accurate lens components of the microscope ob- 
jective are today also being employed in the 
production of height-finders and gunfire control 
instruments that are helping America’s armed 
forces to win an earlier Victory. 

Because of its wartime accomplishments, 
Bausch & Lomb will be able to extend its opti- 
cal services to peacetime pursuits when Victory 
is won. 

For Bausch & Lomb Instruments essential to 

Victory—priorities govern delivery schedules. 


BAUSCH & LOMB 


OPTICAL CO. ® ROCHESTER, N. Y. 
Established 1853 





Page 70—Instruments—Vol. 17 








their type sizes would defea 
pose: the matter so printed 
informative and valuable to 
Effort, would not all be read 
working subscribers. 
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Smaller Margins, etc.: \ 
gested that smaller margin 
on pages, that space betwee) 
be reduced and that space a: 
also be reduced. In January 
editor of Instruments reduced 
between columns from 2 pica 
and of course reduced spa 
cuts to harmonize. Now the 
in magazine trim size reduces 
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A glance will show that the practia — 
limit has been attained. The same gj (, 
plies to The Instrument Maker, | A 

Reduced White Area: It is suggest ? 
that “frills and luxury of white spain. s 





































around illustrations, headings and 
tions” be eliminated. Neither Ingip 
ments nor The Instrument Maker \y 
ever indulged in such frills, so that; 
worth-while savings could be accoy 
plished without making the averg 
page look like a page in a dictionay 
Since even before the invention ¢ 
printing, when books were lettered } 
hand, it has been known that SOM® 
white space is necessary to preva 
eye-strain, to invite attention to heaj 
lines and sub-titles, etc. 





























Elimination of Bleed Pages: 
“Bleed pages normally use larger 
sheet sizes. Elimination of bleed pages ¥ 


in many cases relieve the publisher fro 
carrying duplicate inventory of bleed a 
non-bleed sheet sizes and permit the pub 
lisher to use the smaller size sheet. 4 


proximately 5% gain can be made in pap 
usage through elimination of bleed paged 


The elimination of bleed pages is 
decision which must be made by ti 
advertisers and we hope that they wi 
go along with the WPB suggestion. 


Reduced Width of Chase Bars: Thi 
matter was discussed with our printé 
and we are told that it would be nece 
sary to get new chases, which cant 
be done at. present due to other lim 
tation orders. 


Press and Bindery Waste: This i 
the printer’s problem and has alwaj 
been called to the attention of w 
printer as any waste here represelli 
an increased cost to us. 


Reduced Spread Between Print Orit 
and Net Distribution: 


“Hold to a minimur the spread bet 
gross print order and net distributic 
duce the number of promotion, complimé 
tary, advertisers, advertising ase! 
employee copies. In addition, elimi! 
reduce the printing of extra copi: 
give back copies to new subscrib« 
answer requests for additional 
particular articles or advertisements 
check your mailing lists to see wl 
necessary copies are being sent, or whet 
subscriptions are being carried beyond 
piration dates.” 
























For almost two years, we have total 
eliminated promotion and comp|imei 
ary copies. The number of co 
advertiser has been reduced t 
sary checking copies. Foreign 
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No. Al2402% No. M81110.)—s- No. M82115 
industrial Dial Recording 





EMPERATURE CONTROLLERS 


fed 
ee 


No. 90000 No. V85002 No. M87000 
Self- Air-Operated Air-Operated 
Operating Non-Indicating Type Recording 
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Manufacturers of Temperature Instruments 
1420 W. LAFAYETTE BLVD. 
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INTEGRITY 
OF DESIGN 


...@ phrase that tells 
the story of a business 


The phrase, Integrity of Design, has come to typify that “lengthened 
shadow” behind the business of creating Jackson Instruments. Like 
Topsy, it “just growed” into our thinking and into our work. ‘Today 
it constitutes our inspiration—and our constant challenge, permeating 


every phase of anything we do. 


The very naturalness of this phrase, as applied to Jackson Instru- 
ments, has kept forcing itself forward—until Integrity of Design has 
become the hallmark of Jackson Instruments. It represents that unseen 
plus that comes from “hidden” care. It means that Jackson products 
are conceived, designed, developed and built—not for low price—but 


for high performance. 


And that is why on all fronts Jackson Instruments are measuring 
up to the demanding tests of war. It is why, too, in the peacetime 
“tomorrow” to come they will emerge better than ever—from having 


had to meet the tests of today’s raging world conflict. 


Let’s keep shooting all we can into War Bonds. There’s 
nothing more vital that we on the home front can do. 


JACKSON 
ine Elechical Testing Irstiuments 


JACKSON ELECTRICAL INSTRUMENT COMPANY, DAYTON. OHIO 
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tion has been eliminated for 


\ V E K s a ER | ; gg OM can materially 


this connection by sending us 
newal subscriptions as soon 
receive an expiration not j 


Production or Research | woman-hours in our Circula' 


partment also would be materially 
Instruments x duced by 50% if subscribers w: 
‘ us a two-year renewal for $3.0; 

than a one-year renewal for $2 

Beginning in January the ( 
ment is starting a paper cons 
low back Mercury tubes are standard in all V shape ) en carte th 
industrial thermometers. Indicating and recording ther- do your share. é 
mometers are furnished mercury, vapor, or gas actu- 
ated. Dial indicating instruments are available in 4!/2”, 
6”, and 8/2” phenol condensate cases, and recording 
thermometers in 10” chart size. There is a Weksler 


Weksler Thermometers are scientific, precision instru- 
ments. Their rugged construction and lasting accuracy 
will merit your full confidence. Red Reading and Yel- 





precision thermometer for every industrial need. 


“"V" Shaped Thermometers 
Bronze Case ' and 
Industrial Gq Hydrometers 


J ae 


~ MOTOR CATALOG 


Dial and Recording Thermometers i : Shows description, gives dimen. 
i sions and output of smal! motors 


. 1 from 1/3000 h.p. to 1/3 hop. 
ype % : lain and back-geared motors, 
Right Side Angle “e ak ti ; he AC., D.C. or Universal 
F operation—dependable, efficient 
and economical Speed Way Moton 
embodying the “know how" de 

None ren veloped through more than % 
For information on = years of specialization in smal 
motors —the “know how" that 














Dial and Recording Thermometers, send for Catalog 300 DR 7 seoigar nee gy te Real ged 


For others, send for Catalog No. 115. service. 


If you use small motors, write 
for this new catalog today, If 
you have small motor problems, 
send in your specifications fo 


Weksler Thermometer Corporation SpeedWay's recommendations. 
52-56 WEST HOUSTON STREET, NEW YORK, N. Y. SPEEDWAY MANUFACTURING CO., 18705. 52nd Ave., CICERO, ILLINO 

















Dnstcument DIALS AND SCALES 


ee ee OC oe ee, ee. a eo 


scores pest quay NAMEPLATES + PANELS ccc\ 


PROMPT PERFORMANCE. SASSOON WW a 
PREMIER METAL ETCHING COMPANY 


21-03 44TH AVENUE LONG ISLAND CITY, N.Y. \ 


<< 
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@ WITH this Tri- 
mount fuily en- 
closed sliding scale 
U tube manometer, 
you set the pointer 
to the low liquid 
level in one leg, 
read DIRECT from 
level in other leg. 
Fool-proof, error- 
proof, fast! Just 
one of many out- 
standing Trimount 
instruments de- 
signed for fast, ac- 
curate pressure 


readings- § SEND FOR 
ws CATALOG 


Trimount Instrument Co. 


523 SOUTH PLYMOUTH CT. 
CHICAGO, ILL. 


Terminal’s large, rotating 
stock... its able staff of experi- 
enced men . . . its thorough know- 
ledge of production problems . . 
all add up to an ability to FILL, as 
well as take, priority orders — on 
schedule. 

For complete catalog listing all lines, 
write — and for all 
electronic supplies 


turn to— 


* 


TERMINAL 
RADIO CORP. 


85 CORTLANDT ST 
NEW YORK 7, WN. Y. 
Phome: WOrth 2.4415 





You DON'T HAVE 
TO SNEAK UP ON A 


VIBRATION! 


“The HATHAWAY 


Oscillograph will record vibrations of any characteristics for you, 
permanently, for your information when you need the facts. 


The new type S-8 is ready with 6, 12, or 24 elements. Charts six to 
ten inches wide up to 200 feet long can be made. You can remove and 
develop any length anytime. Galvanometers are available for use in 
this S-8 Oscillograph having a wide range of sensitivities. 


Governor-controlled motor e Simultaneous viewing screen 
Automatic numbering device e True craftsmanship and finish 


WRITE FOR DETAILED STUDY AND COSTS: 


Hathaway Instrument Co., 1315 South Clarkson St., Denver 10, Colorado 


AVA Way yf wstumens 











USED BY AMERICA’S LEADING MANUFACTURERS 


Shown at right is meter box of our No. 6 gauge giving 
accurate, dependable service in all types of operations 
ORDERS ACCEPTED FOR EARLY DELIVERY 


CONTINENTAL ELECTRIC COMPANY 


GENEVA, ILL. sy 
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INSTRUMENT SOCIETIES CALENDAR 
_City, Society and Secretary Date Place 










Subject Spe: 









J. E. Eaton, 425 Peachtree 
St. N.E., Atlanta 


Georgia Society for 
Measurement & Control 













Jan. 21) C. B. Moore, 


Moore Produc 


The Pneumatic Null Balance 
System 


Maryland Academy 


Baltimore Industrial In- of Sciences 


strumentation Society 


Baltimore C. B. Willnecker, 6732 Dan- 


ville Ave., Dundalk, Md. 
Feb. 18 


Dinner meeting. See details in report on this pag: 









Feb. 7‘®) Huyler’s Restaurant, Liquid Level Control Dr. D. J. Rer-man, 
Chicago Chicago Society for Carl Hope, 2626 W. 31st 308 S. Michigan Ave. Universal Oil Co, 
Measurement & Control Blvd., Chicago Mar. 6 To be announced Furnaces with Con- N. K. Koebel. 
trolled Atmospheres Lindberg Eng. Co, 














T. H. Pierson, 3030 Roberts St., 
Beaumont, Tez. 


Charles Smoo 
Flow Meters ‘ 


Gulf Coast Instrument To be announced 
Maintenance Men's 


Ass'n 


Feb. 9 Lamar College, 


Re 
Beaumont, Tex. epublic 














Hartford Society for 


Stephen J. Zelle, Whitney Chain 
Measurement & Control & 


Mfg. Co., Hartford, Conn. 
N. E. Chance, 14 Glen 





Feb. 1°®) Dr. N. E. W 





New Jersey Society for Essex House, Metallurgy As It 





Measurement & Control Oakes Ave., Summit, N. J. Newark, N. J. Affects Instruments " 
Jan. 25°) Building Trades Emp. Airplane Stability and Dr. S. J. Zand, 
New York New York Society for R. K. Farnham, $45 Fifth Ass'n, 2 Park Ave. Automatic Flight Sperry Gyroscope Co 
Measurement & Control Ave., N. Y. C. Feb. 29‘B) Building Trades Emp. To be announced Dr. R.'M. Sutton, 
L Ass'n, 2 Park Ave. Haverford College 
Feb. 195) To be announced Oil Refinery Instru- O. G. Kaasa, 
N. Indiana Northern Indiana Soc. R. W. Schreiner, 4 Waltham St. mentation Sinclair Ref. Co, 
Measurement & Control Calumet City, Illinois Mar. 10 To be announced Dev. of Perm. Magnet C. A. Maynard, Indiay 
[ and Applications Steel Products Co, 
: Jan. 19) Engineers Club Measurement of pH and Dr. W. N. Greer, Leed 
Philadelphia ay re Society George Hammer, 712 Otis | Conductivity €& Northrup Co. 
or Inctrumentation Bidg.. Phila. Pa. Feb. 16‘°®) Engineers Club To be announced To be announced 
Jan. 24) Roosevelt Hotel Graphical Method of J. G. Ziegler, Taylor 
Process Analysis Instrument Co's 
Pittsburgh American Society for L. M. Susany, c/o < 3a oh In- | Feb. 28®) Roosevelt Hotel Automatic Temperature C. O. Fairchild, 
Measurement & Control stitute, 4400 Forbes St., Control C. J. Tagliabue Mfg. Co, 
Mar. 27) Roosevelt Hotel Principles of Automatic J. C. Peters, Leeds ¥ 
Temperature Control Northrup Co. 
Se. Louis St. Louis Society for Gus Holubeck, Union 
Instrumentation Electric Co. 
Toronto Canadian Society for T. C. Agnew, Minneapolis- 


Measurement & Control Honeywell Reg. Co., Toronto 








‘4)Meeting at 7:30, no dinner. “Dinner at 6:30, meeting at 8. ‘Dinner at 7, meeting at 8. Meeting at 8, no dinner. 







BALTIMORE 


The December 17, 1943 meeting of the 
Baltimore Industrial Instrumentation So- 


protracted discussion period 
had stimulating answers for mal 
bearing on this interesting sb 


In a 
Draper 
questions 


NEWARK 


In spite of the most inclement weather 
and icy highways there was an attendance 








































ciety was held at 8:00 p.m. at the Mary- of forty-one members at the January 4 Ject. 

land Academy of Sciences, 2724 North meeting of the Society for Measurement and Dec. 28.—Attendance was good at our ne 

Charles Street. Control, at the Essex House, Newark, N. J. meeting place on the 26th floor of the! 
The scheduled speaker, Mr. H. L. Pfaff- Mr. Wm. E. Englehart, of Pyrometer Park Avenue Bldg. The _ speaker 

hausen, Leeds Northrup Co., was unable to Service Company, spoke on “Pyrometer Charles H. Fetter, President, , 


attend due to illness. Vice President Byron 
Dewey conducted the meeting in the absence 
of our President Forrest Bevelheimer. A 
dinner meeting for February 18, 1943 was 
announced and tickets at $2.25 each went 
on sale immediately. Anyone interested in 
attending this dinner meeting may get their 
tickets by contacting the Secretary. 
——CARL B. WILLNECKER, Secretary. 





CHICAGO 


The December 6 meeting of the Chicago 
Seciety for Measurement & Control, was 
held at Phil Smidt’s restaurant, Roby, In- 
diana. A large crowd was on hand to hear 
the speaker of the evening, Mr. V. H. Hier- 
meier of the Brown Instrument Co., talk on 
“Instrument Maintenance in an Oil Re- 
finery.” 


Maintenance in Industrial Plants. His talk 
was not only highly instructive but struck 
a most responsive chord in these times of 
manpower shortage and difficulties in secur- 
ing materials. 

Mr. Englehart covered particularly Py- 
rometer Maintenance of Heat-treating in- 
stallations, outlining a regular procedure 
for care as well as specific instruction for 
emergency maintenance of all types of 
Pyrometers. 

The discussions which followed clearly 
showed the keen interest of all members 
present in the practical problems of py- 
rometer maintenance. 

—N,. E, CHANCE, Acting Secretary. 


NEW YORK 


Nov. $0.—About seventy attended this 





Time Products, Inc., who gave : 
ing talk on precision time 


After his talk he demonstrated the Watt 
master used to check the accuracy of 


pieces in a few seconds. 

Those who attended were quite 
impressed with the facilities of 
meeting place. 


favorabl 













times 
















our ne 









Comment has come from many quart 


concerning the impressive list of spe 


past yeal 


who addressed the Society in the 
—Bos FARNHAM, 


PHILADELPHIA 

At the December 15th 
Philadelphia Society 
the following officers were elected 
President: M. H. White, Atlanti: 
Co.; Vice President: T. R. News 
Oil Corp. ; Secretary: J. E. Gamb 


Secreta 


meeting of 
for Instrumenta 
for 1 




















































Mr. Hiermeier devoted his entire paper meeting of the New York Society for Products Co.; Treasurer: C. Hannan B 
to the subject of the personnel of instru- Measurement and Control to hear Dr. du Pont de Nemours. 
ment maintenance in an oil refinery. He Charles S. Draper, Professor of Aeronauti- Mr. Perry A. Borden, Patent 


stressed the necessity of educating and 
grading the instrument men in such a de- 
partment. His remarks were enjoyed by all 
but particularly by the heads of many of 
the plant instrument departments. 

The Chicago Society is enjoying an ex- 
ceptional increase in its membership, which 
increase is very gratifying to all of the 
officers. 

—J. A. Riees, 
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cal Engineering at M.I.T., talk on the 
“Practical Imrortance of Instrument Dy- 
namics,” Dr. Draper stressed the need of 
knowing what happens to an instrument 
when things are thrown at it too fast as 
in the case of an aircraft instrument. He 
opined that many future test instruments 
would be specified in terms of dynamics 
rather than statically with consequent 
change in design. 






The Bristol Company, was the s" 
talk “Telemetering,” with blackb 
trations, covered the developme! 
mote Measurement from its earli 
up to the present day systems in 


A right lively discussion period { 


There were fourteen at the dinr 
preceded the meeting, and 53 we! 
for the meeting. 

—GEORGE HAMMER, 
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Hatching a War-bird 


HE majority of those who use and respect 
Kollsman aircraft instruments know them 
ost intimately as sentinels on the airplane instru- 
ent panel, indispensable to the plane’s precise 


d dependable operation. 


ut long before our war-birds ever get into service, 


hany engineers certify their design and perform- 


——— 


ance with Kollsman instruments in wind tunnels, 


engine test cells and in test flights. 


Because of their accuracy, standard Kollsman in- 
struments are found in frequent use for many 
forms of aeronautical experiment and in production 
testing. In addition, many special Kollsman in- 


struments have been developed for these uses. 


KOLLSMAN AIRCRAFT INSTRUMENTS 


PRODUCT OF 


SQUARE 7) COMPANY 








ELMHURST, NEW YORK . GLENDALE, CALIFORNIA 
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Instrumentation in Textile Industry 
Concluded from Page 35 


The controller corrective actions 
which are most widely used are two- 
position, proportional, and proportion- 
al-plus-floating (automatic reset). Two- 
position control may utilize a wide dif- 
ferential, or dead zone, between the 
water tank level at which a pump is 
started, for example, and the level at 
which it is stopped. 

When there is no appreciable dead 
zone we have on-off control. A sensi- 
tive on-off controller is the best choice 
for many applications, notably those in- 
cluding strong self-regulation, small re- 










Beryllium Copper Bites Into Steel 


git is an old saying that when a dog bites a man it is not 
news, but when a man bites a dog it is news. That being 
the case, it is certainly news when copper bites into steel. 
Copper is, of course, one of the softer metals but when 
2 percent beryllium is added to copper, its character- 
istics are changed. The alloy is heat treatable which ex- 
plains the remarkable strength and hardness. Hit a 
chisel made of Beryllium Copper with a hammer and it 


Ingenious New 


Technical Methods 


Presented in the hope that they will 
prove interesting and useful to you. 








sistance and supply-side capacitance, 
and large demand-side capacitance. 

Proportional and proportional-plus- 
floating controls are also known as 
throttling controls because they hold a 
valve partly open. With proportional 
control the valve stem lift is propor- 
tional to the deviation of the controlled 
variable from the setting point. Thus 
a deviation is necessary to open the 
valve wider after an increase in load; 
and this control is subject to load error, 
or “drift.” 

Proportional - plus - floating control 
(automatic reset) keeps the valve 
slowly moving beyond its proportional 
position until the controlled variable 






















Man has tried for ages to redis- 
¢over the art of hardening cop- 


will bite into steel without dulling the edge. Tools made 


of Beryllium Copper are non-sparking and therefore are 
used in ordnance plants, oil refineries and other places 


per. Today this can be done by | 
adding to copper a small per- | 
centage of beryllium. 


where explosions may occur from sparks off steel tools. 


Tensile strength as high as 200,000 Ibs. psi can be ob- 
tained with Beryllium Copper; hence, it is used for many 
applications where resistance to high loading and im- 
pact fatigue are important, such as airplane motor bush- 
ings. Most of the critical springs and diaphragms used 
in aviation, Navy and Signal Corps instruments are made 
of Beryllium Copper because of its reliability as a spring 


material. 


We hope this has proved interesting and useful to you 
just as Wrigley’s Spearmint Gum is proving useful to 
millions of people working everywhere for victory. 


You can get complete information 
about these tools from the Beryllium 
Corporation, Reading, Pennsylvania. 
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Not only does if produce an al- 
loy harder than tempered steel, 
but one that does not produce 
sparks, an essential when work- 
ing near highly combustible 
materials. 





X-64 








reaches the setting point. is og 
trol can handle all loads without 
permanent deviation. 
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The effect of rate-of-chance of 4 
variable is also being untilize to to ; 
siderable extent. A controller includ & 
this characteristic moves its valve sts 
beyond the proportional position by Jam ° 
amount which depends on the rate 
which the variable is changing. It m9) 
closely approaches what a human » 
do with his ability to anticipate, ; 
needed only for the most difficult prol 


lems in automatic control. 

The flow characteristic of the ¢ 
trolled valve is another important eq 
sideration except in the simplest ¢ 
trol. On-off control should use a quig 
opening valve of any convenient gj 
Throttling control requires a valve 
change the flow gradually as the sty 
rises. Its size and port design must} 
correct for each process. 


AUXILIARY POWER 

The power which energizes sery 
type controllers can be electricity, coy 
pressed air, water, oil or the controll 
energy or medium itself. 

Electricity has the advantage ¢ 
availability. Its chief disadvantage lig 
in the power unit, which is a soleng 
or a motor. Solenoid valves are limits 
to on-off operation while motor-operate 
valves suffer from high cost and th 
over-running effect of inertia. 

The more advanced controller char 
acteristics are less simply and econom 
cally introduced in electric control s 
tems than in pneumatic systems. Th 
latter have the advantage of simplici 
ruggedness, ease of understanding } 
mechanics, and the availability of a 
cellent, low-cost valve power units (di 
phragms or pistons). The chief diss 
vantage of pneumatic controllers is th 
necessity for a supply of clean dry 

Hydraulic controls are rugged a 
reliable, but relatively high in cost. 

SPECIAL CONDITIONS 

The engineer must always check ft 
special conditions influencing the # 
lection of instruments or control. Ques 
tions, such as the following, should ® 
considered : 

1. If control is to be pneumatic or by 
draulic, will the air or water supply fail ® 
be shut off at times? Is air or water sup 
clean enough? 

2. If the controller or its power supp 
should fail, what should the action be! 
avoid damage or hazard in the proce 
For example, should a controlled valve) 
arranged to open, or close, or stay where 
is, if the controller fails? 

3. If some other element of th 
should fail, is any special respons* 
by the controller? For example, sh 
control return to a low-speed position W 
stoppage of the machine? 

4.1Is control point to be changed 
quently by the operators, or should se™ 
be done by supervisors only? 

5. How important is operation 
reliable must controller be to av 
tion tie-ups? Should emergency « 
protective devices be used to ba 
primary controller? 





operatid 
requir 


uld spe 


6. Will operation function for many y* if 
or only a few months? 7 
7. Has the maintenance personne! § Ca 






cient skill to service controllers? 
8. What special provisions must Dé " 
on account of corrosion conditions 
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TYPE” 


ing 
nd POURING TEM- 
PERATURES of 


THE SIMPLIFIED 


od 


= 


it eliminates 
rk, waste and 
poilage; it pays for 
self quickly. PYRO 

a self - contained, 
DIRECT READING, 
turdy unit made to 
tand rough use but 
is absolutely accu- 
ate and dependable. 


Unique construction 
nables operator to 
apidly determine 
emperature even on 
minute spots, fast 
moving objects, or 
mallest streams; no 
rorrection charts, no 
ecessories, no main- 
penance expense. Spe- 
jal “FOUNDRY 
and “Univer- 
sal TRIPLE RANGE” 
have, in addition to 
tandard calibrated 
ange, a red correc- 
ion scale determin- 
TRUE SPOUT 


t 
1e585W 
) 


molten iron and steel 
hen measured in 
e open. 

Stock ranges 1400° F. to 5000° F. 


Write for Catalog No. 80 


THE PYROMETER INSTRUMENT CO. 


Plant & Lab. 


103-107 LAFAYETTE ST., NEW YORK, N. Y. 


T@kenie a aienaii 


ou CANNOT AFFORD 
oT TO OWN ONE! 


















EPLATES, DIAL 
MARKINGS 
ETTERING, TRADE 
MARKS 
ANY SURFACE 


tity, on any surface. 


MULTI-MARK Screens made up 
for any design; reproductions 
may be made directly on your 
products without special ma- 
chinery; complete directions 


furnished. 


Write to us for information on 
marking problems ... we've had 
experience with scores of them 
and may be able to help. you. 


MULTI-MARK DIVISION 


Colonial Process Supply Company 
156 West 23rd St. NEW YORK 


Facilities for complete mark- 
ing production—any quan- 























Other Products: IMPACT TESTERS + VICKERS HARDNESS MACHINES + BRINELL HARDNESS TESTERS » MEASURING INSTRUMENTS 





Test Insulation the Modern Way 


with a MODEL B-5 
MEGOHMER 


NEW BATTERY-VIBRATOR TYPE 


No more tiresome cranking of a hand-driven 
generator . . . Entirely self-contained, steady 
test potential of 500 volts DC, available at the 
touch of a switch. Direct reading in insulation 
resistance. 


HERMAN H. STICHT CO., INC. 


27 PARK PLACE 


NEW YORK, N.Y. 



































WRITE FOR BULLETIN No. 430 
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VARIOUS NEW MODELS 
AND RANGES 






























A complete 
line of 
dependable 
—accurate 
and durable 


instruments 
















Model B 


designed to use on AC Circuits to auto- 
matically open or close a single circuit at 
the end of a definite Time interval, or to 
automatically close one circuit and open 
the second at end of a definite Time 
interval. 


OUTSTANDING FEATURES 


Silent operation, synchronous motor with 
torque several times greater than that re- 
quired. 


Delayed start —reset 
ent Time scales. 


stop— 12. differ- 


Write for Bulletin 100. 











Model A 


RW CRAMER COMPANY 
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HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 36 years. 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 
tively inexpensive. 







Illustrated 
bulletins 
free. 

















The Shore Instrument 
& Mig. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 








REMINGTON ARMS <0, 





Measures Time Intervals | 
1 to 200 Milliseconds 
1°/. Accuracy 
Inquiries Invited 


Dynamometers, wattmeters, milliam- 
meters and voltmeters. Also ultra- 
sensitive meters both for A.C. & 
D.C., fluxmeters, electrostatic volt- 
meters from full scale 120 volts to 
over 20,000 volts, thermocouples, 
earth current meters, cable testers, 
etc. 


Special Apparatus Built to Order 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


110 Potter St. Cambridge, Mass, 
New York, N. Y. Chicago, Ill, 








Manufacturers’ 


New Literature 





In this department we report ALL pieces of new literature pertaining to Instrumentation 
received from the manufacturers. To assist in the War Effort we urge readers to request ONLY 
those bulletins which will be of value to them. Use the coupon on the facing page. 


L-1 “Electric Instruments, Princi- 
ples of Operation.” GET-1173 presents a 
concise discussion of the characteristics 
of instruments, what makes them oper- 
ate, and the individual limitations of the 
various types. The introduction to the 
publication points out that the use of 
electricity in manufacturing processes 
has become so general that the impor- 
tant question of whether it is being used 
in the most economical way is some- 
times overlooked. Electric instruments 
are defined simply as the tools for ob- 
taining essential information about elec- 
tric circuits. Thus, a study of their con- 


struction and application invariably 
points the way to lower costs and im- 
proved manufacturing methods. accord- 


ing to the publication. General Electric 
Co., Schenectady, N. Y. 

L-2 Radio and Electronic Equipment. 
Catalog 94, 7” x 10”. Its 104 illustrated 
pages contain important information on 
new developments in radio and electronic 
fields for the essential war and civilian 
users. Listed are nearly 5 ,000 individual 
items covering the communications, test- 
ing, and radio fields. Lafayette Radio 
Corp., 901 W. Jackson Blvd., Chicago 
(7), Til. 

L-3 Receording Thermometers. Bulle- 
tin DM007, 8” x 10%”, 6 pages describes 
fullv - compensated, liquid - filled record- 
ing thermometers for temperature ranges 





between 125°F. and +400°F. Tubing 
lengths are up to 200 feet. Bristol Co 
Waterbury 91, Conn. 


L-4 The Noise Primer. Form 604-4 
6” X 9”, 44 pages is a concise compilt 
tion of the elemental principles and pro 
cedures involved in the measurement! 
analysis of sound and vibration. Genera 
Radio Company, Cambridge 39, Mass. 


L-5 The Novem 
ber issue of this house organ has @! 
article entitled, “‘Wheelco Temperaturt 
Control Provides Ordnance Material Unt 
formity at Yundt Plant.’’ Wheeico it 
struments Co., Harrison & Peo! sts 
Chicago 7, Ill. 


L-6 Pilot Light Assemblies. Catalof 
43, 8%” X 11”, 24 pages illustrates 2 mos 
extensive line of warning and _ signa 
pilot light assemblies. Dial Light ‘ 
90 West St., New York, N. Y. 


L-7 Aireraft Camera Mounts. 5u!! 
tin, 8%” X 11”, 16 pages describes a new 
principle of* vibration control to otect 
precision flight instruments from t 
fects of the increased vibration cut 


Wheelco Comments, 


@- 


faster planes and more powerful enzines 


Avé 


Robinson Aviation, Inc., 730 Fift! 
New York 19, N. Y. 


L-8 Crystal-Actuated Mechanism® 
Bulletin, 8144” % 11”, 8 pages describe 
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protect 


due tt 
ngines 
1 Ave 


»pisms 
ribet 


ustrates the Brush direct inking 
‘raph to which can be fed any 
following pickup or detecting de- 


ce strain indicators, photo electric 
1] unters, vibration pickups, heart- 
Pa ckups, displacement pickups or 
ie » pickups. Several pages are de- 
ptead to the surface analyzer. Brush 
‘ sypment Co., 3315 Perkins Ave., 
Miley nd, Ohio. 


‘, Modern Precision. The Summer 
sue of this organ contains many 
ticles covering the application of in- 
ruments in the_ process, ceramics, 
pwer. oil and metals industries as well 
; in research, teaching and testing. 
seds & Northrup Co., 4955 Stenton Ave., 
hiladelphia, Pa. 


L-10 Transformers. Loose-leaf folder, 
um” “< 11”, 8 pages describes an exten- 
ve jine of transformers: onen mounted 
its, end cased transformers, auto 
ansformers, cased power pack trans- 
brmers, heavy duty power ‘transformers, 
izh efficiency heavy duty power trans- 
prmers, cased and filled power trans- 
pbrmers, special transformers, unitap 
ansformers and oil filled transformers. 
F. Miller Co., Trenton 4, N. J. 


L-11 Insulation Breakdown Testing. 
orm A9, 8%” X 11%, 4 pages describes 
he Hypot all purpose insulation break- 
pwn testing instrument. Automatic reg- 
ation provides continuous burn until 
ssulation fault is located. Associated 
esearch, Inc., 231 8S. Green St., Chicago 
Ill. 


L-12 Combustible Gas Recorders, 
ulletin W1801, 8” K 10%”, 6 pages illus- 
ates a device which measures the 
nount of combustible gas or vapor 
esent in gas-air or vapor-air mixtures. 
udible and visible signals give warning 
hen the concentration of the mixture 
aches a predetermined limit. Bristol 
0. Waterbury 91, Conn. 





























L-13 General Radio Kxperimenter. 
he November issue contains the follow- 
bg: Resonant Vibration in Large Enzine 
oundation; and Measurements of the 
haracteristics of Transmission Lines., 
eneral Radio Co., 30 State St., Cam- 
idge 39, Mass. 


L-14 Prisms and Lenses. Folder, 6” X 
%”, 4 pages illustrates a number of 
isms and lenses. Two types of spotting 
opes also are illustrated. Simpson Op- 
cal Mfg. Co., 3200 West Carroll Ave., 
icago 24, Ill. 


L-15 Photoelectric Colorimeter. Model 
0-H, 84%” x 11”, 3 pages illustrates a 
mpletely self-contained colorimeter op- 
ated by built-in dry-cell battery. 
hotovolt Corp., 95 Madison Ave., New 
ork 16, N. Y. 


L-16 Electric Tachometer. Sheet, 81%” 
11”, describes 2 models of a tachometer 
hich provides a new step in speed 
easurement for all testing, laboratory 
d production requirements. Ideal Com- 
utator Dresser Co., Sycamore, III. 


L-17 Starter Test Stand. Folder 8%” 
11”, 4 pages describes a new hydraulic 
arter test stand for aircraft use. Air- 
ane Manufacturing & Supply Corp., 
B53 Lankershim Blvd., North Holly- 
ood, Calif. 


L-18 Magnifying Mirrors. Sheet, 814” 
11”, illustrates the mirrors for watch- 
& countless places where it is neces- 
ry to watch an operation or dial at a 
bint otherwise not visible. Larrimore 
~~ Co.,, P. O. Box 1234, St. Louis 1, 


L-19 Frequency Meters. Sheet, 8%” X 

, describes direct reading frequency 
dicators of the miniature, vibrating 
ed type. Wirshing Manufacturing Co., 
34 Mines Ave., Los Angeles 23, Calif. 


L-20 Plugs for Aireraft Applications. 
Hetin AN, 8%” x 11”, 88 pages is a 
vision of a former bulletin. Leading 
nstruction features of Type AN are the 
plit shell with assembly ring and the 
movable, interchangeable inserts. Can- 
bn Electric Development Co., 3209 Hum- 
bit'St., Los Angeles 31, Calif. 


L- Limited Budget Inspection Lab- 
atory. Booklet, 41%” x 7”, 48 pages 
ety outlines gages and equipment for 
je |'mited budget inspection laboratory. 

. oe Co., 128 Lafayette St., New 





the GAERTNER 
TOOLMAKER MICROSCOPE 


for length, coordinate and angle measurements 


The Gaertner Toolmaker Microscope enjoys preferential acceptance in 
industries devoted to the production of precision parts. 

| The instrument is widely used in United Nations war plants to inspect work 
| in progress and finished work—to measure form tools, milling tools, drill 
jigs, templets and gauges, machine parts, taps and hobs—to perform the 
various thread measurements. 





It is an accurate, reliable and durable instrument incorporating fine machin- 
ing and carefully adjusted optical parts. 


Send for Bulletin 147-14 
THE 
GAERTNER SCIENTIFIC CORP. 


1211 Wricutwoop Ave., Cuicaco (14), U.S.A. 








TO PREVENT WASTE AND AID THE WAR EFFORT 
(1) Request only the literature that will aid you. (2) Paste the coupon on a 
government postal card addressed to Instruments, taking care to make all 
four edges stick, 








Instruments, 1117 Wolfendale St., Pittsburgh 12, Pa. (JAN. 1944) 
Please have the following catalogs, etc., reviewed in this issue sent to me. 
gk ee. ee eG ae abe e- mie a 1. SE AAS On 


I also desire further information concerning the following new products described in 
this month’s “New Instruments” Department.................ccccecceccececccess 
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I also desire further information concerning the following products advertised in 





this issue (Write page number and name of company).............0.00e. eee eeees 
a Cd odin 'o 6 als arate Ae LEED AS TS UAE RCE REN ccc 000 SRDS Chie eoeese 
ES nnicstucces in adeavendandehenagicnse CG Waaae eebt cabin cviscwe 
EERE ONE LED OLE OE PETE Sipe whs 3s <hhadkeschesere Sink 
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© Instrument makers have applied it to all kinds Fischer & Porter Company............ AIS Tagliabue Mfg. Co., C. J. 

—_ : : . . Foxboro Company, The..........+.+++ ER PET Serr Inside front co 
of timing, controlling, recording and switching Fultun Syiphon Company, The........ 29 Taylor Instrument Companies....... Al 
jobs in these varied fields: met. Sse 

General Electric Company Shy 31, 45 Thordarson Electric Mfg. Company. 

ARMY AVIATION General Radio Company............... 51 Trerice Company, H. 0.. ; 

NAVY PETROLEUM Glendale Optical Company............ 56 Trimcunt Instrument Company. ndecsoced 

Gothard Manufacturing iy “ bested 48 Trinity Equipment & Supply Co. 

MERCHANT MARINE POWER Great American Industries, Inc....... Alo Triplett Ejectrical Instrument Co. 

RUBBER PLASTIC Hathaway Instrument Company........ 73 United Transformer Company.... 

CHEMICAL TEXTILE Hays Corporation, Thé........+...+0+- 57 ~—Univis Lens Company, The............ 

H-B Instrument Company, Inc........ 60 Vard, O90. cccccesncceccreseccs Al 

METAL TELEPHONE Heise Bourdon Tube Laboratories......6i Veeder-Root incorporated ...... 

‘ Herman Stone Co., The.........0++++. 58 Warren Telechron Company..... 
® Telechron motors are available from 12 to | Hewlett-Packard Company............ Al9 Waugh Laboratories ........... e 
. a | Holtzer-Cabot Electric Co., The...... Al2 Weksler Thermometer Corporation ..... 
250 volts—all determinate frequencies from | Hopp Press, Inc., The........c0....4. 45 Westinghouse Electric & Mfg. oe 
P Ilinois Testing Laboratories, Inc......58 cc cccccceccecesecenecceeeere B 
1 to 1800 RPM—and can easily be adapted to | Indiana Steet Products Co., The......A2 Weston Electrical Instrument Corb. 
H + Jackson Electrical Instrument Co...... 71 Winslow Company, The.. cone 
almost any industrial purpose on any controlled iat ie A237 Wiech Manctasturion Gomenty.. 


frequency circuit. 


Kester Solder Company...........+++++52 





Wrigley Jr. Company, Wm.........0 

















© If you're scratching your head over some 
operation that even remotely might be handled 
by our motor, get in touch with us. 





The Announcement You Waited For! 


® We're the largest manufacturers of synchro- 
nous motors for instrumentation and for timing, 
recording and controlling industrial processes. 
We've been supplying industry since 1919. 


Maintenance and Servicing of 
Electrical Instruments 





© Chances are, we've run into some similar prob- 
lem before and our experience will be useful 
to you. Let’s get together. 


By JAMES SPENCER, Head of Instrument and Relay i 
Dep’t at Newark (N. J.) Westinghouse Meter Works 
Edited by Major M. F. Béhar, Editor Instruments 


(Ran as a serial in Instruments, Aug. 1941-June 1943) 





WARREN TELECHRON COMPANY 


ASHLAND, 
MASSACHUSETTS 


| REPRINTS NOW AVAILABLE 











Durable fabrikoid binding, 5 < 81/4 inches, 
xii + 244 pages, 274 illustrations, $2.00 postpaid 






REMITTANCE MUST ACCOMPANY ORDER 
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